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Spencer/’ 4*0 5 anrl tit 1769 he published, <- A Let- Hiftorical Errors of Dr Adam Smith, in his Reasons Mlckte 

ter to Mr Harwood, wherein fome of his evalivc for the Abolition of the faid Company/’ 4to, About M r )! lC r 

G Ioffes, falfe TranfJaiions, and blundering Critlcifms, this time feme of his friends thought of recommend* * * 

in fupport of the Arian Hervly, contained in his Li- ing him to the king as deferving of a peniion ; but „- t ■ 
terai 1 ranflation of the New t filament* are pointed out this feheme was never put in execution. Hr Lowth, 
and confuted/ $ v o: and next year he publifhed Ma- bifhop of London, would have put him into orders* 

ry Queen of Scots, an Elegy 4 * Henght and Mary, and provided for him in the church ; but this was not 

a Ballad/’ and is Knowledge, an Ode ;’ T in Peareh’s agreeable to our author’s dtfpofttian. While he was 
Collection of Poems. Iti 177-’ he publifhed ** Vol- meditating a publication of nil his poems, in which he 
taire in the Shades, or Dialogues on the Deiftical Con- would moft probably have found his account, he was 
trewerfy,” 8vq, The Elegy on Mary had been fub- appointed fecretary to Commodore John ft one, who 
mitted to the judgment of Lord Lyttelton, who do had lately obtained the command of the Romney man 
tlirjed to criticife it, not for Its deficiency in poetical of war. In November 1779 he arrived at Lisbon, and 
merit, but from thinking differently from the author was named by his patron joint agent for the prizes 
concerning that unfortunate princefs* which were taken. In this capital and its neighbour* 

About this time Mr Mickle was a frequent writer hood lie re Tided more than fix months, being every 
in the Whitehall Eveirng Polt; but a more important where received with every mark of politenefs and at- 
work now engaged Ivs atention. When no more than tention ; and during this period he compofed his poem 
17 years of age he had read CaJbnV'fi tranflation of called (< Almada Hill,” which in 1781 was publifhed 
the L triad of Camoens into French, and then pro- in quarto. He colluded alfo many parti cigars con- 
jelled the defign of giving an Euglifli tranfhition of it. cerning the manners of the Portugfuefe, which he in* 

From this, however, he was prevented by various avo- tended alfo to have publifhed. During his day at 
cations till the year 1771, when Inc publifhed the firft Lifhon the royal academy was opened; and Mr Mickle, 
hook as a fpccimen : and having prepared himfelf by who was prefent at the ceremony of its commencement 
acquiring fame knowledge of the Pprtuguele language, had the honour to be admitted a member under the 
he determined to apply himfe If entirely to this work, prefidency of Don John of Braganza duke of La- 
With this view he quitted his refidence at Oxford, and foe ns. His prefence being thought neceffary in Eng- 
went to a farm-boulc at Foreft hiU, where he purfued land to attend to the proceedings of the courts of law 
his defign with unremitting affiduiiy till the year 1775, refpe&ing the condemnation of fome of the prizes, he 
when the work was entirely finifhed. did not accompany the commodore in his lafl expedl- 

Dnring the time that Mr Mickle was engaged in lion, nor did he go any more to fea. In 1782 he pub- 
this work, he fublilled entirely by his employment as liflied 14 The Prophecy of Queen Emma, an ancient 
corrector of the prefa ; and on his quitting that citq- Ballad lately difeovered, written by Johannes Turgot- 
ployment he had only the fubferiptions he received tu% prior of Durham, in the reign of William Rufuaj 
for his trauflntion to fupport him. Notwit.h (landing to which Is added by the Editor, an Account of the 
thtfe difficulties, he adhered fleadily to the plan he Difcoverv, and Hints towards a Vindication of the 
hud laid down, and completed it in about five years. Authenticity, of the Poems of OlTian and Rowley, 5 *' 

When his work was tiniihcd, Mr Mickle applied to 8vo. 
a perfon of great rank, with whom his family had been In June this year Mr Mickle married Mifs Tomkins* 
connected* for permiffiou to dedicate it to him. Per- daughter of the perfon with whom he refided at Fo* 
million was granted, and his patron honoured him w ith reft hill, while engaged in tranflating the Lufiad. Ha* 
a very polite letter ; but after receiving a copy, for ving received fome fortune with this lady, as well ag 
which an extraordinary price was paid for the binding, made fome money himfelf when in the fervice of Com- 
be did not think proper to take any notice of the au- modore Johnftone, he now enjoyed a comfortable in- 
thor. At laB a gentleman of high rank in the poll- dependence. Having fixed his re fide nee at Wheatley 
tical world, a him friend to the author, and who af- in Oxfordshire, he devoted his time to the revifion of 
ter wards took him under his pi-otecfior>, waited on the his poetical works, which he propofed to publifh by 
patron, and heard him declare that he had not read fubfeription; but the plan has not yet been carried in- 
the work, but that it had been nprefented not to have to execution. The la ft feven years of his life were 
the merit it was at firft laid to poflefs. The applaufc employed in writing for the European Magazine, 
with which the work was received, however, foon ba- The Fragments of Leo, and fome of the moft ap- 
aifhed from the author’s mind thofe difagrecable fen- proved reviews of books, m that performance, were of 
fations which had been occaftoned by the contemptu- his prodn&ion. He died after a fhort ilhiefs on the 
ous neglefl of his patron, as well as fome fevtre cri- 25th of October 1788 at Wheatley, leaving one fon 
llcifms which had been circulated concerning it. A behind him. His poetry poflefles much beauty, va- 
fecond edition was prepared an 1778, with a plate riety, harmony of numbers, and vigour of imagination : 
prefixed to it, executed by the celebrated ait ill Mur- his life was without reproach ; his foibles were fevr 
timer; on whom Mr Mickle wrote an epitaph in *779* m offenfive ; his virtues many; and his genius 

This year alfo he publifhed a pamplet, inti tied, “A very con fide table. 

Candid Examination of the Reafons for depriving the MICROCOSM, a Greek term fign ifying the tittle 
La ft India Company of its Charter, contained in r I he •wvrld ,* ufed by fome for rna‘i t as being fuppofed r q. 
Hiftory and Management of the Eaft India Company epitome of the univerfe or great world, 
from its Commencement to the Prefen tT ime ; t ogether M I C ROC 0 SMIC AC 1 d. See Phosphorus (A* 

with focie Strict urea on the Self-Contradidions and eld of)* 

s MICRO#- 


MIG [ 

MiV^gra- MICROGRAPHY, the description af objefls too 
ftlkrome minute to be viewed without the afliftance of a micro- 
ter ' fcope, See Microscopic Qhjetis* 

t MICROMETER, an iullrument, by the help of 
which the apparent magnitudes ofobjefls v iewed thro’ 
tele Scopes or micro Scoped are meafured with great ex* 
a&nefs* 

L The fir ft telescopic micrometers were only me- 
chanical contrivances for mea Turing the image oS an 
object in the focus of the object-glafs* Before thefe 
contrivances were thought of, aftrouomers were accu- 
flomed to mcafure the field of view in each of their 
telefcopes, by obferving^how much of the moon they 
could See through it ? the femidiameter being reckoned 
at 15 or 1 6 minutes ; and other diftances were efti- 
mated by the eye, comparing them with the field of 
view, Mr Gafcoignc, an Engltlh gentleman, however, 
fell upon a much more exasft method, and had a Trea- 
tife on Optics prepared for the prefs; but he was kill- 
ed during the civil wars in the Service of Charles L 
and his manufeript was never found. His inftrument, 
however, fell nto Lbe hands of Mr R Townly, who 
Says, that by the help of it he could mark above 
40,030 divisions in a foot, 

Mr Gafeoigne's inftrument being fhown to Dr 
Hooke, he gave a drawing and defeription of it, and 
propofed Several improvements in it, which may be 
ieen in Phil, Tranf. abr r VoL L p 217 Mr Gafcoigne 
divided the image of an object, in the focus of the ob- 
by the approach of two pieces of metal 
ground to a very fine edge, in the place of which Dr 
Hooke would fubilitute two fine hairs fir, tched paral- 
lel to one another. Two other methods of Dr Hooked, 
different from this, are ckfcribed in his Pod humous 
Works, p. 497, 49ft* An account of Several curious 
observations that Mr Gafcoigne made by the help of 
his micrometer, particularly in the menfuration of the 
diameters of the moon and other planet?, may be Seen 
in the PhiL Tninf. Vol, XL V III. p. 19 % 

Mr Huygens, as appears by his Syftera of Saturn, 
published in 1659, ufed to meafure the apparent dia- 
meters of the planets, or any Small angles, by iirfi mea- 
suring the quantity of the field of view in his tele Scope ; 
which, he Says, is belt done by obfervmg the time 
which a liar takes up in palling over it, and then prepa- 
ring two or three long and fiend cr brafs plates, of va- 
rious breadths, the Sides of which were very tbalght, 
and converging to a Small angle. In making Life of 
thefe pieces of brafs, he made them Hide in two Hits, 
that were made in the Sides of the tube, oppofite to the 
place of the image, and obferved in what place it juft 
covered the diameter of any planet, or any Small di- 
ftance that he wanted to meafurc. * It was obferved, 
however, by Sfr Ifaac Newton, that the diameters of 
planets, mciafured in this manner, will be larger than 
they fiiould be, as all lucid objects appear to be when 
they are viewed upon dark ones. 

In the Ephemerides of the Marquis of Malvafia, 
publi (hed in 1662, It appears that he had a method of 
mea faring fmall diftances between fixed liars and the 
diameters of the planets, and alfo of taking accurate 
draughts of the Spots of the moon ; and this was by a 
net of filver wire, fixed in the common focus of the 
obje£l and eye-glafs, He alfo contrived to make one of 
two liars to pafs along the threads of this net, by turn- 
ing it* or the telefcope* as much aa vras necefiary for 
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that purpofe ; and he counted, by a pendulum -clock, Mkrame* 
beating Seconds, the time that elapfed in its pafiage ttr ' 
from one wire to another, which gave him the number 
of the minutes and Seconds of a degree contained be- 
tween the intervals of the wires of his net, with re Sped 
to the focal length of his telefcopc. 

In 1 566 , Melfrs Azout and Picard publifhed a de- 
scription of a micrometer, which was nearly the fame 
with that of the Marquis of Malvafia, excepting the 
method of dividing it, which they performed with more 
exadinefs by a Screw. In Some cafes they ufed threads 
offilk, as being finer than Silver wires. Decbaks alfb 
recommends a micrometer conii fling of fine wires, or 
filken threads, the diftances of which were exa£ily 
known, difpofed in the form of a net, as peculiarly 
convenient for taking a map of the moon. 

M. de la Hire fays, that there is no method more 
fimple or commodious for observing the digits of an 
eclipfe than a net in the focus of the telefcopc, Thefe, 
he fays, were generally made of liken threads ; and 
that for this particular purpofe fix concentric circles 
had alfo been made ufe of, drawn upon oiled paper ; 
but he advifea to draw the circles on very thin piece# 
of glafs with the point of a diamond. He alfo give* 

Several particular directions to affift per Sons in the ufe 
of them. In another memoir he fliows a method of 
makmg ufe of the fame net for all eclipfe 3, by tiling 
a tdefcope with two objett-ghiTes, and placing them 
at different diftances from one another. 

Different Conjh utiians of Micrometers. The firft we Plsi-e 
lhall de Scribe Is that by Mr Huygens, Let A BCD CCXCV* 
be a t ed ion of the telefcopc at the principal focus of ^ 
the objed -glafs, or where the wires are Situated, which 
are placed in a ftiort tube containing the tye-glafs, and 
may be turned into any petition by turning that tube; 
mti is a fine wire extended over its centre ; owe, xy+ 
are two ftraigbt plates whofe edges arc parallel and 
well defined, and perpendicular to ? nn ; vw is fixed, 
and xy moves parallel to it by means of a ferew, which 
carries two indexes over a graduated plate, to fhow 
the number of revolutions and parts of a revolution 
which it makes. Now to meafurc any angle, we mult 
firft afeertam the number of revolutions and pmts of 
a revolution corresponding to fomc known angle, 
which may be thus done : ift, Bring the inner edges 

of the plates exa£Hy to coincide, and Set each index 
to o ; turn the Screw, and feparate the plates to any 
di fiance ; and obferve the time a fiar m ri in palling 
along the wire mn from one plate to the other: for 
that time, turned into minutes and Seconds of a de- 
gree, will be the angle anfwering to the number of re- 
volutions, or the angle corresponding to the diftance. 

Thus, if r/— cof. of the ftaris decimation, we have 
if dm t the angle corresponding to this diftance; and 
hence, by proportion, we find the angle anfwering to 
any other, 2 <//>', Set up an objefi of a known diame- 
ter, or two obje&s at a given difiance, and turn the 
ferew till the edges of the plates become tangents to 
the objed, or till their opening juft takes in the di- 
ftance of the two objects upon the wire mn; then 
from the diameter, or diftsmee of the two oljccia 
from each other, and their di fiance from the glafs, 
calculate the angle, and ohferve the number of revolu- 
tions and parts correfponding. 3%, Take the dia- 
meter of the fun on any day, by making the edges of 
C he plates tangents to the oppofite limbs* and find, 

%om 
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Micronic- from the nautical almanac, what is his diameter on 
^ drat day. Here it will be belt to take the upper and' 
lower limbs of the fun when 011 the meridian, as he has 
then no motion perpendicular to the horizon. If the 
edges do not coincide when the indexes {land at o, 
we mu it allow fur the error, I nil cad of making a pro- 
portion, it is better to have a table calculated to ihow 
the angle eqrrefpoudmg to every revolution and parts 
of a revolution* But the obferver mud remember, that 
when the micrometer is fixed to tdefcopes of different 
focal lengths, a new table mult be made. The whole 
fyitem of wires is turned sbout in its own plane, by 
turning the eye- tube round with a hand, and by 
that means the wire mn can he thrown into any peti- 
tion, and t\ nfequently angles in any poikion may be 
rnea fined. Dr Bradley added a fmall motion by a 
rack and pinion to fet the wires more accurately in any 
pofi bun. 

In dead of two plates, two wires were afterwards 
put ; and Sir Ifaac Newton obfes vtd, that the diame- 
ters of the planets mea fured by the plates were fome- 
what bigger than they ought, as ‘appeared by compa- 
ring Mr Huygens’s tneaiures with others taken with the 
wires ; and alio by comparing the diameter of mercu- 
ry obferred in and out of the fun’s dilk, the latter 
being the great elL Dark objects on bright ones ap- 
pear lefEi, and light objection dark ones appear greater, 
than it they were equally blight ; owing, perhaps, to 
the brighter image on the retina diffufmg itfeit into the 
darker : and the bright image of the planet being in- 
tercepted Lj y the plates, the taint diffufed light becomes 
more fen fib te, and is mlilaken tor the edge of the pla- 
net* 

But the micrometer, as now contrived, is of ufe, 
not only to find the angular diftaitce of bodies hi 
the field of view at the fame time, but alfo of thofc 
which, when the tclcfcope is fixed, pafs through the 
field of View fuceeilivcly ; by which means we can hud 
the difference ot their right afeetifions and declinations. 

Figs* .Let Arty B C r, be three parallel and equidlftant 
wires, the middle one bifecling the field of view $ 
H O li a fixed wire perpendicular to them puffing 
through the centre of the field ; and F f t G^, two 
wires parallel to it, each moveable by a micro- 
meter ferew, as before, fo that they can be brought 
up to K O R, or a Ih tie beyond* r l hen to find 
the angular drllancc of two objects, bring them very 
near to B£, and in aline parallel to it, by turning 
about the wires, and bring one upon H 0 R, and by the 
micrometer Screw make F f or Gg pafs through the 
other ; then turn the ferew till that wire coincides 
with H O R, and the arc which the index has paffed 
over fhows their angular dillancc. lithe objetisbe 
further remote than you can carry the di fiance of one 
ot the wires F y, G^ r , from H O R, then bring one 
object to F f and the other to C*gi and turn each 
micrometer ferew till they meet, and the fum of the 
arcs paffed over by each index gives their angular di- 
fiance. If the ebjetfts be two liars* and one of them 
be made to run along H OR, or either of the move- 
able wires as oecaiion may require, the motion of the 
other will be parallel to thefe wires, and their differ- 
ence of declinations may be obferved with great exa£t- 
Bcfij but taking any other di fiances, the motion 


of the liars he lag oblique to them, it is not quite fa Mi 
eafy to get them parallel to Bi; becaufe if one ilar 
be brought near, and the eye be applied to the other 
to adjuftthe wires to it, the former liar will have got- 
ten a little away from the wire. Dr Bradley, in Ida 
account of the ufe of this micrometer, published by 
Dr Malkeleyne in the Piulofophical Tran fa nation a 
for 1772, thinks the bed way is to move the eye back- 
wards and forwards as quick as pofiible; but it feema 
to me to be bell to fix the eye at feme point between, 
by which means it takes in both at once fufficiently 
well defined to compare them with B/c In finding 
the difference of declinations, if both bodies do not 
come into the field of view at the fame time, mrke 
one run along the wire HOR, as before, and fix die 
telefcope and wait till the other comes in, and then 
adjuft one of the moveable wires to it, and bring it up 
to H OR, and the index gives the difference of their 
declinations* The difference of time between the paf- 
iage ol the liar at either of the Greffs moveable wires, 
and the trail fit of the other liar over the crofs fixed 
wire (which reprefents a meridian), turned into de- 
grees a tid minutes, will give the difference of right 
afeenfion. The ilar has been here fuppofed to be fi- 
fe died by the wire; but if the wire be a tangent to it* 
allowance mull be made for the breadth of the wire, 
provided the adjuftment be made for the coinci- 
dence of the wives. In obierWng the diameters of the 
fun, moon, or planets, it may perhaps be nu>Il con- 
venient to make ufe of the outer edges ot the wires, 
becanfe they appear molt dill i net when quite within 
the limb ; but if there Ihould be any feuJible inflection 
of the rays of light in puffing by the wires, it wili be 
befi avoided by ufing the inner edge of one wire and 
the outward edge of the other ; for by that means 
the inflection at both limbs will be the fame way, 
and therefore there will be no alteration of the rela- 
tive pofition of the rays pa fling by each wire. And 
It will be convenient in the micrometer to note at what 
division the index Hands when the moveable wire co- 
incides with HOR; for then you need not bring the 
wire when afiar is upon it up to HOR, only reckon 
from the divifion at which the index then Hands to the 
above divifion. 

With a micrometer therefore thus adapted to a te- 
le fcope, Mr Serving ton S a very of Exeter propofrd 
a new way of mca Turing the difference between the 
great eft and leaft apparent diameters of the fun, al- 
though the whole of the fun was not vifible in the field 
of view at once. The method we fhali briefly deferibe. 
Place two obje^LgkdTes in Head of one, fo as to form 
two images whole limbs fhnU be at a fmall di fiance 
from each other ; or in Read of two perfect Ioffes, he 
propo fed to cut a Angle It ns into four parts of equal 
breadths by parallel lines, and to place the two leg- 
merits with their ftraight fides again ft each other, or 
the two middle fru irums with their oppoffte edges 
together ; in either calc, the two parts which before 
had a common centre and axis, have now their centres 
and axes feparated, ?,nd coiffequeutly two images will 
be formed as before by two perfect Jenfes. Another 
method In reflectors was to cut the large concave re-^ 
fkdtor through the centre, and by a contrivance to 
turn up the outer edges whilft the ft might ones re^ 

matfisdL 
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Micr^me- fixed 1 by which means the axis of the two 

^ u ' parts became inclined, and formed two images. Two 
^ r images being formed in this manner, he propofed to 
meafure the diftance between the limbs when the dia- 
meters of the fun were the greateft and lea ft, the dif- 
ference of which would be the difference of the*jchame- 
ters required* Thus far we are indebted to MV Sa- 
very for the idea of forming two images ; and the ad- 
mirable ufes to which it was afterwards applied, we 
fliall next proceed to deferibe. 

The divided objetl-glafs micrometer, as now made, 
was contrived by the late Mr John Dollond, and by 
him adapted to the object -end of a refk&ing telefcope, 
and has been ft nee by the p relent Mr P* Dollond his ion 
applied with equal advantage to the end of an achromatic 
telefcope. The principle is this ; The obje£t-glafs is 
divided into two [eg meats in a line drawn through the 
centre ; each fegment is fixed in a ieparate frame of 
brafs, which is moveable, fo that the centres of the 
two fegments may be brought together by a handle 
for that purpofe, and thereby form one Image of an 
object ; hut when feparated they will form two ima- 
ges, lying in a line palling through the centre of each 
fegment \ and confequently the motion of each image 
will be parallel to that line, which can be thrown into 
any pofttion by the contrivance of another handle to 
turn the glafs about in its own plane. The brafs- work 
carries a vernier to meafure the diftance of the centres 
3. of the tw F o fegments* Now let E and H be the cen- 
tres of the two fegments, F their principal focus, and 
P Q^two diftant objects in FE, FH, produced, or the 
oppofitc limbs of the fame object PBQD ; then the 
images of P and formed by each fegment, or the 
images of the oppoilte limbs of the object PBQD, 
coincide at F: hence two images ^vF of that 

object are formed, whofe limbs are in contact ; there- 
fore the angular diftance of the points P and QJh the 
fame as the angle which the diftance EH fub tends at 
F, which, as the angles fuppoEed to be meafured are 
very final!, will vary as EH extremely nearly j and 
confequently if the angle corresponding to one inter- 
val of the centres of the figments be known, the 
angle correfponding to any other will be found by pro- 
portion. Now to find the interval for fame one angle, 
2i 8. 


take the horizontal diameter of the fun on any day, Mterome* 
by feparatmg the images till the contrary limbs coin- tc< j 
cide, and read off by the vnnier the interval of their - v 
centres, and look into the nautical almanac for the di- 
ameter of the fun on that day, and you have the cor- 
refponding angle* Or if greater exalt nefs be required 
than from taking the angle in proportion to the di dan- 
ces of their centres, we may proceed thus : — Draw 
FG perpendicular to EH, which therefore hi feds it ; 
then one half E H, or EG, is the tangent of half the 
angle EFH; hence, half the diftance of their centres ; 
tangent of half the angle correfponding to that dlltanee 
: : half any other diilance of the centres ; tangent of 
half the coirefpotiding angle (a). 

Hence the method of mcafuring fmall angles n 
manifeft ; for we eonfider P, either as two ob- 
jects whofe images are brought together by feparating 
the two figments, or as the oppoilte limbs of one ob- 
jeli PBQA, whofe images, formed by the two fig- 
ments E, H, touch at F : in the former cafe, EH 
gives the angular diftance of the two objetts ; and in 
the latter, it gives the angle under which the diameter 
of the objedt appears* Hence, to find the angular 
diftance of two objects, feparate the figments till the 
two images which approach (b) each other coincide ; 
and to find the diameter of an object, feparate the 
fegments till the contrary limbs of the images touch 
each other, and read off the diftance of the centres 
of the fegment from the vernier (c), and find the 
angle as directed in the laft article. From hence 
appears one great fnpenority in this above the wire 
micrometer ; as, with this, any diameter of an ob- 
ject may be meafured with the fame eafe and accu- 
racy ; whereas with that we cannot with accuracy 
meafure any diameter, except that which is at right 
angles to its apparent motion. 

But, beftdea thefe two ufesto which the inftrumeiit 
fiems fo well adapted, Dr Maikelyne has ftiown, in 
the Phiiofophlcal Tranfaltions For the year 1771* 
how it may be applied to find the difference of ngh c 
afeenfions and declinations. For this purpofe, two 
wires at right angles to each other, bifictmg the field 
of view, mud be placed in the principal focus of the 
cye-glafs, and moveable about in their own plane, — 

Let 


(a) If the object be not a diftant one, lot f be the principal focus * then F / : FG : : FG : FK (FG 
being produced to meet a line joining the apparent places of the two obje&s P, Q), dividendo, fG : FG 

EH PO 

t : GK ; FK, and alternando, /G ; CK ; : FG : FK i : (by fimilar triangles) EH ; PQ^ hence 

therefore the angle fubtended by EH at f — the angle fuhtended by PQjit G ; and confequently, as /G Is 
eonllant, the angle meafured at G is, in this cafe alfo, in proportion to EH. The inftrument is not adapted 
meafure the angular diftance of bodies, one of which is near and the other at a diftance, becaufe their 
images would not be formed together, 

(b) Bcfides thefe two images, there will be two others receding from each other, for each fegment gives 
an image of each objedb 

(cj To determine whether there be any error of adjuftment of the micrometer fcale, meafure the dia- 
meter of any fmall well defined otjedt, as Jupiter's equatorial diameter, or the longeft axis of Saturids ring-, 
both ways. that is, with o on the vernier to the right and It ft of o on the fcale, and half the difference 
is the er ror required j which muft be added to . fubtra^ted from all obfervations, according as the dia- 
meter meafured with o 011 the vernier, when advanced on the fcale, is Jefs or greater than the diameter 
meafured the other way. And it is alfo evident, that half -the funt of the diameters thus meaiured givea 
the true diameter of the object. 
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Miirimii- Let HCRrbe the field of view , HR and Cc the two 
ter. wires ; turn the wires till the Ww hern moil liar (which 
*1 * is the be ft, having further to move) run along RQH; 

5 'S* 4m then ieparate the two fegments and turn about the 

micrometer till the two images of the fame itnr He in 
the wire Ce; and then, partly by fe pa rating the feg- 
ments t and partly by railing or depreffiug the tde- 
fcone, bring the two innermolt images of the two ftars 
10 appear and run along RQH, as a 9 h 9 and the ver- 
nier will give the difference of their declinations; be- 
can IV, as the two images of one of the liars coincided 
witli C> the image of each liar was hi ought per- 
pendicularly Upon HR, or to HR in their proper 
meridian. And, for the fame reafon, the difference 
of their times of paffnig the wire CO’ will give their 
difference of right a fee n Ho us. Thefe operations will 
be facilitated, if the tele fe ope be mounted on a. polar 
axis* If two other wires KI,, MN, parallel to C, 
be olaeed near H and R, the obfer vat ion tmy be 
made on two fears vwiofe difference of meridians is 
nearly equal to HR the diameter of the field of view, 
bv bringing the two images of one of the fears to 
coincide with one of thefe wires- If two liars be ob- 
f 'l ved whole difference of declinations is well fettled, 
toe fcale of the micrometer will be known. 

it has hitherto been fttppofed, that the images of 
the two itars can be both brought into the held of 
view at once upon the wire HORp but if they can- 
not, fet the micrometer to the difference of their de- 
ed in a do ns as nearly as you can, and make the image 
which comes hr ft run along the wire HOR, by ele- 
vating or depreffing the ttdefcope ; and when the other 
liar comes in, if it do not alfo run along HO R, alter 
the micrometer till it does, and half the fum of the 
numbers fhown by the micrometer at the two fe pa rate 
obfevvations or the two liars on the wire HOR will 
be the difference of their declinations. That this 
fhomd be true, it is manifcftly ueceflary that the two 
fegments fhould recede equally in op polite directions ; 
and this is effected by Mr Dollond in his new im- 
provement of the objett-glafs micrometer. 

The difference of right afeenftons and declinations 
of Venus or Mercury in the fun’s dhk and the fun’s 
limb may be thus found. Turn the wires fo that the 
north limb n of the fun’s image AB, or the north 
pjg. 5. limb of the image V of the planet, may run along the 
wire RH, which therefore will then be parallel to the 
equator, and conkquently C; a feeondary to It-; then 
feparate the fegments, and turn about the micrometer 
till the two images V v of the planet pals Cc at the 
fame time, and then by feparating the fegments, 
bring the north limb of the northern moll Image V of 
the planet to touch HR, at the trnie the northennioff 
limb n of the fou the ram oft image AB of the fun 
touches it, and the micrometer ffiows the difference 
of declinations of the n irthernmoll limbs of the pla- 
f Seethe net and fern, for the reaibn formerly given ff, we ha- 
pret effing ving brought the northernmoft limbs of the two in- 
r*?' a - nermnft images V and AB to HR, thefe two being 
l* lr ’ manifeitly Interior to r and the northernmoft limb N of 

tile image PQ^ In the fame manner we take the diffe- 
rence of declinations of their feiuthernmofe limbs ; and 
Vol. XL Part II. 


half the difference of the two mea fures, (taking ira- 
mediately one after another) is equal to the difference 
of the declinations of their centres, without any re- ~ ' , ™“ 

gard to the fun’s or planet’s diameters, or error of 
adjuilmeiU of the micrometer; fur as it affeAs both 
equally, the difference is the fame as if there were no 
error : and the difference of the times of the trarr- 
Jits of the ealtern or weltcrn limbs of the fun and pla- 
net over Or gives the difference of their right afeeu- 
lions. 

lnffead of the difference of right afcenfions, the di- 
stance of the planet burn the lhu’s limb, in lines pa- 
rallel to the equator, may be more accurately obfer ved 
thus : Separate the fegments, and turn about the 
wires and micrometer, lb as to make both images Fg 6. 

V, v, run along HR, or fo tint the two In turfed Ions 
I, T, of the fun's image may pafe Cc ar die fame 
lime. Then bring the planet’s and fun’s limbs into 
cwitadl, as at V, and do the fame for the other limb 
of the fun, and half the difference gives the dilbnee 
ol the centre of the planet from the middle of the 
chord on the fun’s difk parallel to the equator, or the 
difference of the right afeen lions of their centres, al- 
lowing for the motion of the planet in the interval or 
the obfer vat ions, without any regard to the error of 
adj ailment, for the fame reafon as before. For if 
you take any point in the choid of a circle, half the 
difference of the two fegments is manifeilly the di- 
feauee of the point from the middle of the chord; and 
as the planet runs along HR, the chord is parallel to 
the equator. 

In like manner, the dlilauces of their limbs may be Fig. 7* 
me a Cured in lines perpendicular to the equator, by 
bringing the micrometer into the pofttion already 
deferibed* , and inllead of bringing V to HR, fepa- * Se* ibe 
rate the fegments lill the nor them molt limbs coincide P rect( lin g 
as at V ; and in the fame manner make their fouthern-^ 1 ' Dj 
moll images to coincide, and half the difference 01 
the two mea Cures, allowing for the planet’s motion, 
gives the difference of the declinations of their 
centres. 

Hence the true place of a planet in the fun’s diik 
may at any time of its tranfit be found ; and confc- 
quently the tie a re It approach to the centre and the 
time of ecliptic conjunction may be deduced, although 
the middle fhould not be obfer ved. 

But however valuable the objeft-glafe microme- 
ter undoubtedly Is, difficulties fomctimes have been 
found in its ufc, owing to the alteration of the focus 
of the eye, which will eaufe it to give different mea~ 
fures of the fame angle at different times. For in- 
ilance, in dies faring the fun’s diameter, the axis of 
the pencil coming through the two fegments from the 
contrary limbs of the fun, as PF, Q_F, lig. 3. crofting 
one another in the focus F tinder an angle equ d to the 
fun’s femid tame ter* the union of the limbs cannot ap* 
pear perfect, unlefs the eye be difpofed to fee objects 
diftindlly at the place where the Images are formed ; 
for il the eye be dil pok'd to lee objects nearer to or fur* 
the r off than that phee, in lie latter cafe the limbs 
wdl appear fepa rated, and in tb : femmer tha) will ap- 
pear to lap over (d)* This imperfection led l>r Ma- 

4 T Ik el y tic 


(d ; For if the eye can fee dillinftly an Image at F, the pencils of rays, of which PF, QF are the two axes, 
diverging from F, arc each brought to a focus on the retina at the fame point ; and therefore the two limbs 

appear 
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Mierome- Jkelyne to inquire, whether feme method might not 
^ ter ' be found of producing two diftindt images of the fun, 
' ^ or any other object, by bringing the axis of each pen- 
cil to coincide, or very nearly fo, before the formation of 
the images, by which means the limbs when brought 
together would not be liable to appear fepa rated from 
any alteration of the eye j and tills he found would be 
effeded by the refraction of two prifms, placed either 
without or within the telefcope ; and on this prim 
ciple, placing the prifms within, he con!lru£led a new 
micrometer, and had one executed by Mr Dollond, 
which upon trial anfwered as he expected. The con- 
ft ruction is as follows. ** 

?*£■ 9. Let AB be the objefbgbfs; ab the image, fup- 

pofc of the fun, which would have been formed in 
the principal focus <V; but let the prifms PR, SR be 
placed to intercept the rays, and let EF, WG, be two 
rays proceeding from the e a Rern and wefiern limbs of 
the fun, converging, after refraction at the lens, to a 
and h j and fuppofe the refradtion of the prifitis to be 
fuch, that in fig. 8. the ray EFR, after refradrion at 
R by the prifm PR, may proceed in the direction R Qj 
and as all the rays which were proceeding to a fuff err 
the fame refradtion at the prifm, they will all be re- 
frained to Qj; and therefore, inilead of an image ab 9 
which would have been formed by the lens alone, an 
image is formed by thofe rays which fall on the 
prifm PR ; and for the fame reafon, the rays falling 
on the prifm SR will foim an image Qrf : and In fig. 
^ the image of the point b U brought to by the 
prifm PR, and eonfcquently an image QR Is formed 
by thofe rays which tall on PR : and for the fame rta- 
fun, an image Qris formed by the rays falling on SR. 
Now in both cafes, as the rays EFR, WGR, coming 
from the two opposite limbs of the fun, and forming 
the point of contact of the two limbs, proceed in the 
fame direction RQj they mult thus accompany each 
ether through the eye-glafa and alfo through the eye, 
whatever refractive power it lias, and therefore to 
every eye the images mull appear to touch. Now the 
angle tfRi is twice the refraction of the prilm, and 
the angle aCb is the diameter of the fun ; and as thefe 
angles are very final), and have the fame fubtenfe ab , 
we have the angle ; angle aCb : : CQ: RQ^- 
Now as CQJs conilant, and alfo the angle being 
twice the refraction of the prifm, the angle aOb varies 
as Hence the extent of the fcale for mea hiring 

angles becomes the focal length of the object glafs, 
and the angle mea fared is in proportion to the d I dance 
of the prifms from the principal focus of the object 
co | glafs ; and the micrometer can meafure all angles (very 
£* Jr Jail* fmall ones excepted, for the reafon afterwards given* ) 
which do not exceed the fum of the rcfradlions of the 
prifms ; for the angle aQb, the diameter of the object 
to be meafured, Is always fe/s than the angle a Rd, the 
lum of the refractions of the prifms, except when the 
prifms touch the object gkfs, and then they become 
equal. The Rule can never be out of adjustment, us 
the point o, where the mcafu re merit begins, anfwers 
to the focus of the ob}e ; glafs, which h a fixed point 
for all diftant objects, and we have only to find the 


value of the fcale anfwering to fume known angle : Mierome. 
for in fiance, bring the two limbs of the fun's image a ttr * 

into eontabl, and me afore the di fiance of the prifms 
from the focus, and look in the nautical almanac for 
the fun's diameter, and you get the value of the fcale. 

In fig, 8. the limb of the image Qc, is illumi- 
nated by the rays falling on the objecl glafs between 
A and F, and of the image Qd by thofe falling be- 
tween B and G; but in fig. 9. the fame limbs are il- 
luminated by the rays falling between B and F, A 
and G refpe&ivcly, and therefore will be more illumi- 
nated than in the other cafe ; but the difference is not 
confiderable in achromatic tdefcopes, on account of 
the great aperture of the objedt-glafs compared with 
the diilance FG. 

It might be convenient to have two fets of prifms, 
one for meafuring angles not exceeding 36% and there- 
fore fit for meafuring the diameters of the fun and 
moon, and the lucid parts and dl fiances of the cufps 
in their eclipfes ; and another for meafuring angles not 
much greater than i\ for the conveniency of mea hi- 
ring the diameters of the planets. For as QC : QjR. : : 
fum of the refradiiona of the prifms : angle aCb f the 
apparent diameter of the object, it is evident that if 
you dimfniih the third term, you rrmfl increafe the fe- 
cond in the fame ratio. In order to meafure the tune 
angle ; and thus by diminifhing the refractive angle of 
the prifms, you throw them further Rom Q^and con* 
fequently avoid the inconvenience of bringing them 
near to Qj for the reafon m the next paragraph ; and 
at the fame time you will increafe the illumination in 
a fmall degree. The prifms mull be achromatic, each 
compofed of two prifms of flint and crown glafs, 
placed with their refracting angles contrariways, other- 
wife the images will be coloured. 

In the conitrudtion here described, the angle mea- 
fured becomes evanefeent when the prifms come to the 
principal focus of the objeA glafs, and therefore o 
on the leak then begins : but if the prifms be placed 
in the principal focus they can Have no effedt, becaufe 
the pencil of rays at the junction of the prifms would 
then vanlfh, and therefore it is not practicable to bring 
the two images together to get o on the fcale. Dr 
Ma/kclyne, therefore, thought of placing another pair 
of prifms within, to re fra Ft the rays brfbie they came to 
the other prifms, by which means the two images 
would be formed into one before they came to the 
principal focus, and therefore o on the fcale could 
be determined* But to avoid the error aril mg from 
the multiplication of mediums, he, inilead of adding 
another pair of prifms, divided the object glafs through 
Its centre, and Aiding the fegments a little it fey. mated 
the images, and then by the prifms he could form one 
image very difihiftly, and confequently could determine 
O on the fcale ; for by feparating the two fegments you 
form two Images, and you will Separate the two pencils 
fo that you may move up the two prifms, and the two 
pencils will fall on each refpedllvcly, and the two 
images may be formed into one. In the inftrument 
which Dr Mafltelyne had made, o on the fcale was 
chofen to be about y of the focal length of the objedt- 

ghffi. 


appear to coincide ; but if we m reafe the refmirive pawer of the eye, then each pencil is brought to a focus, 
and they crofs each other before the rays come to the retina, confequently the two limbs on the retina will kp 
over j and if wc dimlni/h the refractive power of the eye, then each pencil being brought to a focus bey owl 
the return, and not crofting tiU after they have palfed it, the two limbs on the retina mud be fepaxated. 


i 
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Mkromc- gJafa, and each piifm refra&ed 2 yb By this means ail 
tcr# angles are mea fared down to o. 

v '“' " / In the Philofophical Tran fa <51 ions for 1 7 7 9^ Mr 

Ramfdtn has defcribed two new micrometers, which 
he contrived with a view of remedying the defects of 
the objeiVglafs micrometer* 

1* One of tliefe is a catoptric micrometer, which, 
be fide the advantage it derives from the principle of 
reflection, of not being diilurbcd by the heterogeneity 
of light, avoids every defeat of other micrometers, 
and can have no aberration, nor any defeat arifing 
from the imperfection of materials or of execution ; 
as the extreme fimplidty of its cant! ruction requires 
no additional mirrors or glades to thofe required for 
the telefcope ; and the reparation of the image being 
effected by the Inclination of the two fpecula, and not 
depending on the focus of any lens or mirror, any al- 
teration in the eye of an obferver cannot affect the 
angle meafured. It has peculiar to itlelf the advan- 
tages of an adjuftment, to make the images coincide 
in a direction perpendicular to that of their motion \ 
and alfo of xneafuring the diameter of a planet on both 
Tides of the zero, which will appear no inconfiderable 
advantage to observers who know how much eafier it 
is to afeertain the contact of the external edges of two 
images than their perfect coincidence. 

Fig* To. A reprefents the fmali fpeeulum divided into two 
equal parts ; one of which is fixed on the end of the 
arm B j the other cud of the arm is fixed on a Heel 
axis X, which erodes the end of the telefcope C. The 
other half of the mirror A is fixed on the arm 13, 
which arm at the other end terminates in a fockct j, 
that turns on the axis X j both arms are prevented 
from bending by the braces a a. G reprefimts a double 
ferew, having one part e cut into double the number 
of threads in an Inch to that of the part g ; the part 
e having 100 threads in one inch, and the part g 50 
only* The ferew e works in a nut F in the fide of 
the telefcope, while the part g turns in a nut H, 
which is attached to the arm B ; the ends of the arms 
B and I), to which the mirrors are fixed, are fepa- 
rated from each other by the point of the double 
ferew preflmg againft the find h f fixed to the arm D, 
and turning in the nut H on the arm E. The two 
arms B and D are preffed againfl the direction of the 
double ferew eg by a Ipiral fpring within the part 
by which means all fhake or play in the nut H, on 
which the meafure depends. Is entirely prevented. 

From the difference of the threads on the ferew at 
e and g , it is evident, that the progreffive motion of the 
ferew through the nut will be half the diHance of the 
feparation of the two halves of the mirror; and conse- 
quently the half mirrors will be moved equally 
in contrary directions from the axis of the tele- 
fcope C. 

The wheel V fixed on the end of the double ferew 
has its circumference divided into loo equal parts, 
and numbered at every fifth djvifion with y, to, 3 c c. 
to ico, and the index I fliows the motion of the ferew 
with the wheel round its axis, while the number of 
revolutions of the ferew is fhown by the divifions on 
the. fame index. The flee! ferew at R may be turned 
by the key S, and ferves to Incline the fmali mirror at 
right angles to the direction of its motion. By 
turning the finger head T (fig. 11.), the eye-tube Pis 


brought nearer of farther from the fmali mirror, to Micro me* 
adjufi the telefcope to diflinft vlfion ; and the tele- , f 

Rope iti'elf hath a motion round it axis for the con- v j 
veniency of meafuring the diameter of a planet in any 
direction. The inch nation of the diameter meafured 
with the horizon h ihown in decrees and minutes by a 
level and vernier on a graduated circle, at the breech 
of the telefcope, 

“ It is necrifary to obferye (fays Mr Ramfden), 
that, be Tides the table for reducing the revolutions and 
parts of the ferew to minutes, feeonds* &c. It may 
require a table for correcting a very fmali error which 
arifes from the excentric motion of the half- mirrors. 

By this motion .their centres of curvature will (when 
the angle to be meafured is large) approach a little 
towards the large mirror : the equation for tins pur- 
pofe in fmali angles is infenfible ; but when angles to 
be meafured exceed ten minutes, it fhouLd not be ne- 
glected* Or, the angle meafured may be corrected 
by dimimlhing it in the proportion the verfed fine ofc 
the angle meafured, fuppofing the eccentricity radius, 
bears to the focal length of the finall mirror*” 

Mr Ramfden preferred GafFegrain’s conftru&ion of 
the reflecting telefcope to either the Gregorian or 
Newtonian ; becaufe in the former, errors caufed by 
one fpeeulum are diminifhed by thofe in the other. 

From a property of the reflecting telefcope (which, 
he obferves, has net been attended to), that the aper- 
tures of the two fpecula are to each other very nearly 
in the proportion of their focal lengths, it follows, that 
their aberrations will be to each other in the fame pro- 
portion ; and thefe aberrations are in the fame direc- 
tion, if the two fpecula are both concave ; or in con- 
trary directions, If one fpeeulum Is concave and the 
other convex. In the Gregorian conlt ru£tion> both 
fpecula being concave, the aberration at the feeond 
image* will be the fum of the aberrations of the two 
mirrors ; but in the Caflegram confirmation, one mir- 
ror being concave and the other convex, the aber- 
ration at the fecond image will be the difference be- 
tween their aberrations. By afluming fuch propor- 
tions for the foci of the fpecula as are generally ufed 
in the reflecting telefcope, which is about as I to 4, 
the aberration in the Caflegrain eonftruCtion will be 
to that in the Gregorian as 3 to 5. 

2. The other is a dioptric micrometer, or one Anted 
to the principle of refraction. This micrometer is ap- 
plied to the erect eye-tube of a refracting telefcope, 
and is placed in the conjugate focus of the firil eye- 
glafs: in which pofition, the image being considerably 
magnified before it comes to the micrometer, any I ni- 
pt rieittion in its glafs will be magnified only by the re- 
maining eye-glafles, which in any telefcope feldom ex- 
ceeds five or fix times. By this pofition alfo the fizc 
of the micrometer glafs will not be the part of 
the area which would be required If it was placed hi 
the objedt-gkfs ; and, 11 at with {landing this great cHf- 
proportion of fize, which is of great moment to the 
practical optician, the fame extent of fcale is preferred, 
and the images are uni form] y bright in every part of 
the field of the telefcope. 

Fig, 1 2 . reprefents the glafics of a refracting tele- 
fcope ; jej*, the principal pencil of rays from rhe obiecl-^^^^ 
glafs it and u u , the axis of two obllqhe pencils, 
a 7 the fir ft eye-glafs ; iu, its conjugate focus, or the 
4 T z place 
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Mirrome- place of the micrometer; h the fectmd cye-glafs; *:the 
lg F third ; and d the fourth, or that which ia neareft the 

' f ~ m ~ eye. Let > be the diameter of the objr£Lglafs, t the 
diameter of a pencil at m 9 and ; the diameter ot the 
pencil at the eye ; it is evident, that the axis of the 
pencils horn every part of the image will crufs each 
other at the point and e y the width of the micro- 
jnetc r-glafs, Is to f> the diameter of the objedLglafs as 
m a is to g 0, which is the proportion of the magnify- 
ing power ac the point m; and the error catifed by an 
imperfection in the micrometer glafa placed at m w ill be 
to the error, had the micrometer been ac 0, as ??? h toj£. 

Fig. + 3 . reprefents the micrometer; A, -a convex or 
concave lens divided into two equal putts by a plane 
aero fe its centre ; one of thefe femi Icnfcs is fixed in 
a frame B, and the other in the frame E ; which 
two frames Hide on a plate H, and are preflfed again ft 
It by thin plates a & * the frames B and E are moved 
in contrary directions by turning the button D ; L Is 
a fcale of equal parts on the frame B ; it is numbered 
from each end towards the middle wtii io, 20, &c. 
'1 here are two verniers on the frame E, one at M 
and the other at N, for the convenience of men Turing 
the diameter of a planet, &c. on both (ides the zero. 
The iirft divffion on both thefe verniers coincides at 
the fame time with the two zeros on the fcale L; and, 
if the frame is moved towards the right, the relative 
motion of the two frames is ill own on the fcale L 
by the vernur'M ; but if the frame B be moved to- 
wards the left, the relative motion is fhown by the ver- 
nier N, — This mic tom tier has a motion round the 
axis of vifion, for the convenience of meafiulng the 
diameter of a planet, &e. in any direction, by turn- 
ing an endkfs ferew F ; and the inclination of Lhe 
diameter mewfured with the horizon ia fhown on the 
circle g by a vernier on the plate V, The telefcope 
may be adjufted to difitud vifion by means of an ad- 
jufting ferew, which moves the whole eye-tube with 
the micrometer nearer or farther from the objedt-glafs, 
a3 telefcopes are generally made ; or the fame effect 
may be produced in n better manner, without moving 
the micrometer j 1: y Aiding the part of the eye tube »r 
on the part r tJ by help of a ferew or pinion. The 
micrometer is made to take off occasionally From the 
eye tube, that the telefcope may be ufed without it. 

Still, however, micrometers remained in feveral re- 
fptdhi imperftA In particular, the imperfections of the 
parallel wdie micrometer in taking the diftance of very 
cl oft double dars, are the following. 

When two ft at s are taktn between the parallels, the 
diameters mull be included Mr Kerfcbtl Informs us, he 
has in vain attempted to find lines fuffiefently thin to ex- 
tend them acroL the centres of the liars fo that their 
thkknefs might be neglected- The tingle threads of the 
Fdk worm, with fuel) lenfes as he nfe?, are fo much mag- 
nified that their diameter is more than that of many of 
the (tars. Betides, if they were m uch lefs than they are, 
the power of deflection of light would make the attempt 
to meafure the diftance of the centres this way fruit lefs: 
for he has always found the light of the ftars to play 
upon thofe lines and feparate their apparent diameters 
into two parts, Now fince the fpnriotis diameters of.the 
liars thus included, as Mr, Herfchel allures us, arc 
continually changing according to the hate of the air, 


and the length of time we look at them, we are, In Merome- 
feme refpedf, left at an uncertainty, and our mcaftircs Tcr * 
taken at different times and with different degrees of J , 

attention, will vary on that account. Nor can we come 
at the true diftance of the centres of any two ftarr, 
one from another uulefs we could tell what to allow 
for the femidrameters of the ftars themfdves ; for dif- 
ferent ftars have different apparent diameters, which, 
with a power of 227, may differ from each other as far 
as two feeonds. 

" he next imperfection is that which arlfes from a 
dtfledtion of light upon the wires when they approach 
very near to each other ; for if this be owing to a 
power of repnlfion lodged at the furface, it U eafy to 
underftand, that fuch powers mull interfere with each 
other, and give the meafures larger in proportion than 
they would have been if the repul live power of one 
wire had not been oppofed by a contrary power of the 
other wire. 

Another very con fide table imperfection of thefe 
micrometers is a continual uncertainty of the real zero, 

Mr Fierfchel has found, that the Unit alteration in the 
fit nation and quantity of light will afFetft the v^ro, and 
that a change in the pofition of the wires, when the 
light and other circumftances remain unaltered, will 
alto produce a difference. To obviate this difficulty, 
whenever he took a meafufc that required the utmoft 
accuracy, his zero was always taken immediately af- 
ter, while the apparatus remained in the fame fit na- 
tion it was in when the meafure was taken ; but this 
enhances the difficulty, becaufe it introduces an addi- 
tional obfevvation, 

t he next imperfection, which is none of the fmalL 
ell, is that every micrometer that has hitherto been in 
uie requires either a ferew* ora divided bar and pinion, 
to meal u re the diflance of the wires or divided image. 

Thofe who are acquainted with works of this kind are 
but too fenfible how difficult it is to have ferews that 
ihall be perfedlly equal in every thread or revolution 
of each thread ; or pinions and bars that fhall be fo 
evenly divided as perfectly to be depended upon in every 
leaf and tooth to perhaps the two, three, or four thou* 
fiindth part of an inch : and yet, on account of the 
fmall fcale of thofe micrometers, thefe quantities are 
of the greateft coiifequence ; an error of a fingk thou-' 
fartdth pait inducing in mod Inftruments a miftake of 
fevtral feconcis. 

The tail and greateft imperfedion of all is, that thefe 
wire micrometers require a pretty ftrong light in the 
field of view ; and when Mr Herfchel had double liars 
to meafure, one of which was very obfeure, he was 
obliged to be content with lefs light than is neceffary 
to make the wires perfectly di ft inti ; and feveral ftars 
on this account could not be meafured at all, though 
other wife not too clofe for the micrometer, 

Mr Herfchel, therefore, having long had tnnch oc- 
cafion for miciometers that would meafure exceeding 
fmall di fiances exactly, was led to bend his attention 
to the improvement of thefe inftrnments; and the re- 
fult of his endeavours has been a very ingenious in- 
ftrument called a lamp-ntkromrt£r y which is not only 
free from the I m perfections above fpecified, but alfo 
pofieffes the advantages of a very large feale. This in- 
ftrument is deferibed in the Philofophical Tranfadtions 
for 1782 ; and the conftnidlion of h is as follows : 
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Mierotne- ARGCFE (fig, 14.) is a Hand nine feet high, upon 
^ r ‘ which 1 femicircular board ghogp k moveable upwards 
or downwards, in the manner of fome firr-fcreens, as 
ccc-ifion may require, and is held in its fit nation by a 
peg p put into any one oF the holes of the upright 
piece R 1 hts board is a fegmeru oF a circle of 
fourteen inches radius, and is about three inches 
broader than a ferm circle, to give room for the 
handles rD, rP, to work. The ufe of this board 13 
to carry an arm L, thirty inches long, which is made 
to move upon a pivot at the centre of the circle, by 
means of a It ring, which paiTes in a greove upon the 
edge of the fem [circle pgobq ; the firing is fattened to 
a hook at 0 (not expreffed in the figure, being at the 
back of the arm L , and polling along the groove from 
oh to q is turned over a pulley at y, and goes down to 
a fmall barrel e, within the plane of the circular board, 
where a double-jointed handle r l 3 commands its mo- 
tion* By this conti ivance, vve fee, the arm L, may be 
lifted up to any altitude from the horizontal pofition 
to the perpendicular, or be fullered to defeend by 
its own weight below the horizontal to the reverfe 
perpendicular fituatiom The weight of the handle P 
is fu file 1 cut to keep the arm in any given pod t ion ; 
but if the motion fhould be too eafy, a friction fpring 
applied to the barrel will moderate it at plea fin e. 

In front of the arm L a fmall flider, about three 
inches long, is moveable in a rabbet from the end L 
towards the centre backwards and forwards. A firing 
U fattened to the left fide of the little Aider, and goes 
towards F t where it paiTes round a pulley at m > and 
returns under the arm from m r t: f towards the centre, 
where it is led in a groove on the edge of the arm, 
which is of a circular form, upwards to a barrel 
(raffed above the plane of the circular board) at r, 
to which the handle rD is fattened. A fccond firing 
Is Fattened to the Aider, at the right fide, and goes to- 
wards the centre, where it pattes over a pulley n; and 
the weight which is fuTpended by the end of this 
firing;, returns the Flider towards the centre, when a 
contrary turn of the handle permits it to a A, 

By a and h are rep relented two fmall lamps, two 
Inches high, 1 !- in breadth by in depth. The Tides, 
back, and top, are made fo as to permit no light to he 
Teen, and the front con fill a of a thin brafs Aiding door. 
The flame in the lamp a is placed three-tenths of an inch 
from the left fide, three-tenths from the front, and half 
an inch from the bottom, In the lamp b it is placed at 
the fame height and diftance, men Turing from the right 
fide. The wick of the flame con flits only of a Angle 
very thin lamp cotton- thread ; for the fmalidt flame 
being fnfficient, it is eafier to keep it burning in fo 
confined a place. In the top of each lamp mu ft be a 
little flit lengthways, and alfo a fmall opening In one 
fide near the upper part, to permit air enough to cir- 
culate to feed the flame. To prevent every reflection 
of light, the fide opening of the lamp a fhould be to 
the right, and that of the lamp b La the left. In the 
Hiding door of each lamp h made a fmall hole with 
the point of a very fine needle juft oppofite the place 
where the wicks are burning, fo that when the Aiders 
are fhut down, and every thing dark, nothing fhall be 
Teen but two fine lucid points of the fize of two ftars 
of the third or fourth magnitude. The lamp a is 
placed fo dial its lucid point may be in the centre of 


the circular board where it remains fixed. The lamp 
h is hung to T he hdc flkier which moves in the rabbet 
of the arm, fo that its lucid point* in an horizontal 
pofition of the arm, may be on a level with the lucid 
point in the centre. The moveable lamp is fufpended 
upon a pece ot brafs fattened to the Aider by a pin 
exactly behind the flame, upon which it moves as a pi- 
vot, The lamp h balanced at the bottom by a leaden 
weight, fo as always to remain upright, when the arm 
is either lifted above or depreffed below the horizon- 
tal pofition. The double jointed handles rl), *P, con- 
fifl of light deal rod.q ten feet long, and the laweil of 
them may have divifions, marked upon it near the end. 
P, ejeprefiing extrily the dittauce from the central iu* 
cid point in feet, i robes, and tenths. 

From this confirnctiun we fee, that a ptrfon at a 
di fiance of ten feet may govern the two lucid points, 
fo as to bring them into any required pofition fouth or 
north preceding or following from o to 90° by ufing 
the handle P, and alfo to any diitance from fix- tenth 3 
of an inch to five or fix and twenty inches by means 
of the handle D. if any reflection or appearance of 
light fhould be It ft from the tap or Tides nf the lamps, 
a temporary lereeu, confiding of a long piece of paite- 
board, or a wire Frame covered with black cloth, of 
the length of the whole arm, and of any required 
breadth, with a flit of half an inch broad in the middle, 
may be affixed to the arm by four bent wires project- 
ing an mch or two before the lamps, fitaated fo that 
the moveable lucid point may pills along the opening 
left for that purpofe. 

Fig. 1 5. reprefents part of the arm L, half the real 
fize ; S the flider; m the pulley, over which the cord 
xiy z is returned towards the centre; the other cord 
going to the pulley n of fig, 14. li the b rate piece 
moveable upon the pin z, to keep the lamp upright. 
At B is a wire rivet ted to the brafs piece, upon which 
is held the lamp by a nut and ferew. Fig. 16. 17. re- 
prefent the lamps tf, b 9 with the Aiding doors open, 
to fhow the fttuatioa of the wicks. W is the leaden 
weight with a hole dm it, through which the wire R 
of fig. 1 5. is to be patted when the lump is to be fatt- 
ened to the Aider 8. Fig. iS. rep re Tents the lamp a 
with the Aiding door fhut ; l the lucid point ; and th 
the openings at the top, and s at the ikies, for the ad* 
million of air* 

“ Every ingenious artifi (fays Mr Hcrfchel) will 
foon perceive, that the motions of this micrometer are 
capable of great improvement by the application of 
wheels and pinions, and other well known mechanical 
rcfources ; but as die principal objetl is only to be 
able to adjutt the two lucid points to the required po* 
fit ion and diitance, and to keep them there for a few 
minutes, while the obierver goes to meafurc their dif- 
tance, it will not be necefiary to fay more upon the 
fubjeft. 

** I am now to fhow the application of this inflru- 
ment. It is well known to opticians and others who 
have been in the habit of ufing optical inliruments, 
that we can with one eye look into a raicrofcopeor tt- 
lefcope, and fee an objedl much magnified, while the 
naked eye may fee a feale upon which the magnified 
picture is thrown. In this manner I have generally 
determined the power of my tel efc opes ; and any one 
who has acquired a facility of taking fuck obfervations 
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Will very feldom mi flake lb much as one (n fifty in de- 
term in in g the power of an inftriimeni, and that degree 
of exa&neft is fully fufficient for the purpofe* 

** The Newtonian form is admirably adapted to the 
ufe of this micrometer ; for the obferver Hands always 
eredl, and looks in a horizontal direction, not with* 
Handing the telefcope ihould be elevated to the zenith. 
Be Tides, liis face being turned away from the object 
to which his telefcope is directed, this micrometer may 
be placed very conveniently without caufing the leaft 
ob ft rued ion to the view : therefore, when 1 ufe this 
inftrument, I put it at ten feet di fiance from the left 
eye, in a line perpendicular to the tube of the tele- 
fcope, and ralle the moveable board to fuch a height 
that the lucid point of the central lamp may be upon 
a level with the eye. 'The handles, lifted up, are pa fi- 
fed through two loops fattened to the tube, juft by the 
obferver, fo as to be ready for his ufe. I ihould ob- 
serve, that the end of the tube is cut away, fo as to 
leave the left eye entirely free to fee the whole micro- 
meter. 

** Having now directed the telefcope to a double 
liar, I view it with the right eye, and at the fame 
time with the left fee it projected upon the microme- 
ter : then, by the handle P, which commands the po- 
litico of the arm, I raife or depreft it fo as to bring 
the two lucid points to a fnriilar fituation with the two 
liar s ; and, by the handle X), I approach or remove 
the moveable lucid point to the fame difiance of the 
two ftars, fo that the two lucid points may be exact- 
ly covered by or coincide with the fiars. A little 
practice in this bniinefs foon makes it cafy^ efpecially 
to one who has already been ufed to look with both 
eyes open. ~~ 

“ What remains to be done is very fimplc. With 
a proper rule, divided into inches and fortieth parts, 
1 take the diftanee of the lucid points, which may be 
done to the greateft nicety, becaufc, as I obferved be- 
fore, the little holes arc made with the point of a very 
fine needle. The meafure thus obtained is the tangent 
of the magnified angle under which the fiars are feeti 
to a radius of ten feet ; therefore, the angle being 
found and divided by the power of the telefcope gives 
the real angular ch fiance of the centres of a double fiar. 

“ For inftancte, September 25, 1781, I meafured 
* Hernilis with this inftrumenU Having cauled the 
two lucid points to coincide e xadly with the fiars 
centre upon centre,, .1 found the radius or diftanee of 
the central lamp from the eye 10 feet 4. 1 5 inches; the 
tangent or diftanee of the two lucid points 50.6 for- 
tieth parts of an inch ; this gives the magnified angle 
3 and dividing by the power 460, which f ufed, we 
obtain 4'' 34"' for the diftanee of the centres of the two 
fiars. The fcale of the micrometer at this very conve- 
nient diftanee, with the power of 460 (which my Ce- 
ltic ope bears fo well upon the fixed flats that for near 
a twelvemonth paft I have hardly nfed any other), is 
above a quarter of an inch to a fecoitd ; and by put- 
ting on my power of 932, which in very fine evenings 
is extremely diftinct, 1 obtain a fcaJe of marc than half 
an inch to a fecond, without increafing the diftanee of 
the micrometer ; whereas the molt perfect of my for- 
mer micrometers, w ith the fame mttruraent, had a leak 
uf left than the two thoufanjth pert of an inch to a 
fee Olid* 


“The meaftlies of- this micrometer are not confined Micromc^ 
to double ftara only, but may be applied to any other lC r> 
objects that require the utmoft accuracy, fuch as the 1 " 1 ^ 
diameters of the planets or their fatellit&s, the moun- 
tains of the itvoon. the diameters of the fixed fiars. &c. 

“ For infiance, Odober 22. 1781, I mcafured the 
apparent diameter of * ftyroe ; and judging it of the 
greatett importance to increafe my fcale as much as 
convenient, I placed the micrometer at the greatett 
convenient difiance, and (with feme trouble, for want 
of longer handles, which might eafily be added) took 
the diameter of this ftar by removing the two lucid 
points to fuch a diftanee as juft to enclofe the apparent 
diameter. When I meafured my radius, it was found 
to be twenty -two feet fix inches. The diftanoe of the 
two lucid points was about three inches, for I will not 
pretend to extreme nicety in this obfervation, on ac- 
count of the very great power I ufed, which was 
6450, From thefe meafures we have the magnified 
angle 38' jo": this divided by the power gives O . 355 
for the apparent diameter of K Lyra. The fcale of 
the micrometer, on tins occafion, was no left than 
8*443 inches to a fecoud, as will be found by multi- 
plying the natural tangent of a fecond with the power 
and radius in inches. 

“ November 28. 17S1, I me a In red the diameter of 
the new fiar ; but the air was not very favourable, for 
tins lingular fiar was not fo diftiuct with 227 that even- 
ing as it generally is with 460 : therefore, without 
laying much fire ft upon the exaritneft of the obferva- 
tiun, I ihall only report it to exemplify the ftfe of the 
micrometer. My radius was 35 feet 1 1 inches. The 
diameter of the ftar, by .the diftanee of the lucid points, 
was 2.4 inches, and the power l ufed 227 : hence the 
magnified angle is found 19^ and the real diameter of 
the ftar 5", 022. The fcale of this meafure *474 mil- 
Idimals of an inch, or aim oft half an inch to a fecond* J * 

In the Philo Tophi cal Tran factions for 1791, a very 
fimpie micrometer for meafur mg final! angles with the 
telefcope is defciibed by Mr Cavallo ; who introdu- 
ces his description with the following obfervatiorcs 
upon the different forts of tele fcopi cal micrometers in 
ufe. “ Thefe infiruments may be divided into two 
dalles ; namely, thofe which have not, and thofe which 
have, fame movement amongft their parts. The mi- 
crometers of the former fort confift moftly of fine 
wires or hairs, varioufiy difpofed, and fituated within 
the telefcope, juft where the image of the objerit is 
formed. In order to determine an angle with thofe 
micrometers, a good deal of calculation is generally 
required. The micrometers of the other fort, of which 
there is a great variety, fame being made with move- 
able parallel wires, others with prifms, others again 
with a combination of lenfes, and fo on, are more*cr 
lefs fubjerit to feveral inconveniences, the principal of 
which are the following, r. Their motions generally 
depend upon the a&ion of a ferew; and of courfe the 
imperfections of its threads, and the greater or lefs 
quantity of loft motion, which is obfcrvable in mo- 
ving a ferew, efpecially when fmall, occafion a con- 
liderablc error in the menfuration of angles, 2. Their 
complication and bulk renders them difficultly appli- 
cable to a variety of l defe opes, efpecially to the 
pocket oue£. 3. They do not meafure the angle with- 
out Tome loft of time, which is neceflaiy to turn the 
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M’crome' fcrew, or to move feme other mechamfm. 4. an 1 
t&tm laftly, They are cdnfiderably expenfive, fc that fomc 
L ” " v of them coil even more than a tolerably good tek- 
feope T 

After having had long hi view (our author informs 
us) the con ft ruction of a micrometer which might 
be in part at kaft, if not entirely, free from all thofe 
objections ; he, after various attempts, at la ft fu tr- 
ee eded with a Ample contrivance, which, after re- 
peated trials, has been found to aufwer the defired 
end, not only from his own experience, but from that 
alfo of fever al friends, to whom it has been communi- 
cated. 

This micro meter, in (holt, confifts of a thin and 
narrow flip of m other- oftp carl finely divided, and fttu- 
ated in the focus of the eye-gkfs of a tele fc ope, juft 
where the image of the object is formed. It is imma- 
terial whether the teldcope be a refractor or a reflec- 
tor, provided the eye-glaft be a convex lens, and not 
a concave one as in the Galilean conftr action. 

The fimpleft way of fixing it is to flick it upon 
the diaphragm which generally ftauds within the 
tube and in the focus of the eye glafs, When thus 
fixed, if you look through the eye-glafs, the divi lions 
of the micrometrical fcale will appear very diftiruft, 
urdefs the diaphragm is not exadlly in the focus ; in 
which cafe, the micrometrical fcale mu ft be placed 
exadlly in the focus of the eye- glafs, either by pn fil- 
ing the diaphragm backwards or forwards, when that 
23 p radii cable ; or fife the fcale may be eafily removed 
from one or the other furface of the diaphragm by 
the interposition of a circular piece of paper or card, 
or by a bit of wax. This coiiftru£tinn is fully fuifi- 
cicnt, when the tekfeope is always to be ufed by the 
fame perfon ; but when different perfons are to nfe it, 
then the diaphragm which lupports the micrometer 
niuft be conftru£bed fo as to be e a lily moved backwards 
or forwards, though that motion needs not be greater 
than about a tenth or an eighth of an inch. This is 
necelTary, becaufe the diftance of i.he focus of the 
fame lens appears different to the eyes of different 
per forts ; and, therefore, whoever is going to nfe the 
tclefcope for the menfurat ion of any angle, mull firfl 
of all unferew the tube which contains the eye -glafs 
and micrometer from the reft of the tekfeope, and, 
looking through the eye-glafs, mnft place the micro- 
meter where the dmfions of it may appear quite dft 
Hindi to his eye. 

In cafe that any perfon fhould not like to fee al- 
ways the micrometer in the field of the tclefcope, then 
the micrometrical fcale, in Head of being fixed to the 
diaphragm, may be fitted to a circular perforated 
plate of braft, wood, or even paper, which may be 
occasionally placed upon the hud diaphragm, 

Mr Gavallo has made fevera! experiments to deter- 
mine the moll ufeful fubftanee fur this micrometer. — 
Glafs, which he had fuccefsfully applied for a Jlrmlar 
purpofe to the compound microfc' pc, feemed at firfl 
to be the moll promifing ; but it was at laft rejected 
after feveral trials : for the divifions upon it generally 
are either too fine to be perceived, or too rough ; and 
though with proper care and attention the divifions 
may be proportioned to the fight, yet the thiekmefs 
of the glafs itfelf obftructs in feme meafure the di Hindi 


view of the objefl. Ivory, horn, and wood, were M'crome- 
found ufelcfs for the conftrufUon of this micrometer, tcr * 
on account of their bending, fuelling, and contrac- v 
ting very eafily ; whereas mother-of-pearl is a very 
ft cad y fubftance, the divifions upon it may be marked 
very eaiily, and when it is made as thin as common 
writing paper it has a very ufeful degree of tranfpa- 
rency. 

Fig. 19. exhibits tills micrometer fcale, but /hows 
it four times larger than thef real fixe of one, which 
he has adapted to a three-feet achromatic tclefcope 
that magnifies about 84 times,- It is fomething kft than 
the 24th part of an inch broad; its thicknefs is equal 
■to that of common writing-paper ; and the length of 
it is determined by the aperture of the diaphragm, 
which limits the field of the telcfcope. The divifions 
upon it are the 2ooths of an inch, which reach from 
one edge of the fcale to about the middle of it, ex- 
cepting every fifth and tenth dlvifion, which arc 
longer. The divided edge of it pafles through the 
centre of the field of view, though this is not a ueeef- 
fary precaution in the conftruttion of this micrometer. 

Two divifions of the above deferibed fcale in my tde- 
fcope are very nearly equal to one minute ; and as a 
quarter of one of thofe divifions may be very well di- 
ilmguifhed by estimation, therefore an angle of one 
eighth part of a minute, or of 7 '4 j may be meafured 
with it. 

When a tclefcope magnifies more, the divifions of 
the micrometer muft be more minute ; and Mr Ca- 
valid finds, that when die focus of the eye-ghfs of the 
tclefcope ft Ihortcr than half an inch, the micrometer 
may be divided with the 5 ooth 3 of an inch ; by 
means of which, and the tekfeope magnifying about 
200 times, one may eafily and accurately meafure an 
angle fmaller than half a fecond. On the other hand, 
when the tclefcope does not magnify above 30 times, 
the divifions need not be fo minute ; for inftance, in 
one of Dollond’s pocket tdefcopes, which when drawn 
out for ufe is about 14 inches long, a micrometer w ah 
the hundredths of an inch is quite fufficient, and one 
of its divifions is equal to little left than three mi- 
nutes, fo that an angle of a minute may be meafured 
by it* 

“ I 11 looking through a tclefcope furni fined with 
fuch a micrometer (fnys onr author), the field of view 
appears divided by the micrometer fcale, the breadth 
of which occupies about one-feventh part of the aper- 
ture^ and as the fcale is fe m it ra nfparera , that part of 
the object which happens to be behind it may be dif- 
ce riled fufficiently well to afeertain the divifion, and 
even the quarter of a divifion, with which its borders 
coincide, big- 20, /hows the appearance of the field 
of my tekfeope with the micrometer, -when directed 
to the title page of the Philosophical Transactions, 
wherein one may obferve that the thicknefs of the 
letter C ft equal to three-fourths of 3 divifion, the 
diameter of the O' is equal to three divifions* and 
fo on. 

14 At fir ft view, one is apt to imagine, that it is dif- 
ficult to count the divifions which may happen to co- 
ver or to meafure an object ; but upon trial it will be 
found, that this is readily performed ; and even people 
who have never been ufed to obferve with the tele- 
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to meafure very quickly and aceu- of three. 


fcope, foon learn 
ratcly with this micrometer.; for fince every fifth and 
tenth divifton is longer than the reft, one foon acquires 
the habit of faying five, ten, fifteen ; and then, by 
adding the other divifions lefs than live, completes 
the reckoning* Even with a tdefeopc which has no 
Rand, if the object end of it berefted again It a Ready 
place, and the other end be held by the hand near 
the eye of the obferver, an objedt may be meafmed 
with accuracy fufficient for fcveral pmpofes, as for the 
efti matron of 'fmali d l Ranees, for determining the 
height of a houfe, &c. 

After having conftrudted and adapted this micro- 
inetei to the telefcope, it is then needfary to ufeer- 
tain the value of the divifions* It is hardly neceiTary 
to mention in this place, that though thofe divilions 
tneafure the chords of the angles, and not the angles 
or arches themfelveft, and the chords are not as the 
arches, yet It has been fhown by all the trigonome- 
trical writers, that in fmali angles the chords, arches, 
lines, and tangents, follow the fame proportion fo 
very nearly, that the very minute difference may be 
fafely neglected : fo that if one divifion of tins micro- 
meter is equal to one m mute, we may fafely conclude, 
that two divifious are equal to two minutes, three di- 
vilions to tliree minutes, and fo on* There are vari- 
ous methods of ascertaining the value of the divilions 
of fuch a micrometer, they being the very fame that 
are uled for afcertalning the value of the divifions in 
other micrometers. Such are, the pa Rage of an equa- 
torial Rar over a certain number of divilions in a cer- 
tain time; or the mea Turing of the diameter of the fun, 
by computation from the focal di Ranee of the object 
and otlier letifes of the telefcope ; the la ft of which, 
however, is fufejedt to fever al inaccuracies ; but as 
they are well known to agronomical perfons, and 
have been described in many books, they need not 
be farther noticed here. However, for the fake of 
workmen and other perfons not eonverfant in agro- 
nomy, I (hall de feribe an eafy and accurate method of 
afeertamutg the value of the divilions of tlie micro- 
meter* 

u Mark upon a wall or other place the length of 
k inches , which may be done by making two dots 
-or lines fix indies a funder, or by fixing a fix-inch ru- 
ler upon a Rand ; then place the tdefeopc before it 
fo that the ruler or fix- inch length may be at right 
angles with the direction of the telefcope, and juft 57 
feet 3* inches diftant from the objed-glafs of the 
telefcope ; this done, look through the telefcope at 
the ruler or other extenfion of fix Inches, and obferve 
how many divifious of the micrometer are equal to 
it, and that fame number of divifious is equal to half 
a degree, or 30' ; aud tills is all that needs be done 
for the required determination ; the reafon of which 
is, becaufe an extenfion of fix inches fubtends an 
angle of 30' at the diftance of 57 feet 3-h inches, as 
may be eafily calculated by the rules of plane trigo« 
nometry. 

44 In one of DolIontFs 14- inch pocket tclefcopes, 
if tlie dlvifions of the micrometer be the hundredths of 
an inch, nl of thofe divifions will be found equal to 
30', or 23 to a degree. When this value has been 
once afeert aiiied, any other angle mea Cured by any 
other number of divifious h determined by the rule 
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Thus, fuppofe that the diameter of tlie Jun 
feen through the fame telefcope, be found equal to 
12 divilions, fay as divifious are to 30 minutes, 

X 30^ 




(~~ 7e 33 ^ lc 


fo are 12 divifious to 

u *5 

required diameter of tlie fun* 

<fi Notwithstanding the facility of this calculation, a 
fcalc may be made anfwermg to the divilions of a 
micrometer, which will (how the angle correfpondtng 
to any number of divifions to mere infpecfiun. Thus, 
for the above-mentioned fmali lelefcope, the feale is 
reprefented in fig, 21. A B is a line drawn at plea- 
fare ; it is then divided into 23 equal parts, and thofe 
divifious which reprefent the divilions of the micro- 
meter that are equal to one degree, are marked 011 
one fide of it* The line then is divided again into 
60 equal parts, which are marked on the other fide 
of it ; and thefe divilions reprefent the minutes which 
correfpond to the dubious of the micrometer : thus 
the figure fliows, that fix divifions of the micrometer 
are equal to I minutes, J 1? divifions are nearly 
equal to 29 minutes, &e* What has been faid of mi- 
nutes may be faid of feounds alfo, when the feale id 
to be applied to a large tekf’ope. 

14 Thus far this micrometer and its general nfe have 
been fufSefe fitly defer Ibcd ; and mathematical perfons 
may eafily apply it to tlie various pmpofes to which 
micrometers have been found iubiement* But as the 
fimpEcity, cheap nefs, aud at the fame time the accu- 
racy of this contrivance, may render the ufc of it much 
more general than that of any other micrometer ; and 
1 may venture to fay, that it will be found very ufe- 
ful in the army, and amongft lea- faring people, for 
the determination of di Ranees, heights, &c, ; I Riall 
therefore join fome practical rules to render this mi- 
crometer ufcful to perfons unacquainted with trigo- 
nometry and the ufe ol logarithms. 

44 Problem 1 . Tlie angle, not exceeding one degree, 
which is fubt ended by an extenfion of one foot, being 
given, to find its di Ranee from tlie place of obferva- 
tion* N. B . This extenlkm of one foot, or any other 
which may be mentioned hereafter, mull be perpendi- 
cular to the direction of the telefcope through which 
it is obferved, The diftances are reckoned from the 
objedt-glafs of the telefcope; and the anfwere obtained 
by the rules of this problem, though not exactly true, 
arc however fo little different from the truth, that tlie 
difference feldotn amounts to more than two or three 
inches, which may be fafely neglected. 

44 Rule 1. If the angle be expreffed in minute 3 , 
fay, as the given angle is to 6o, fo is f 87.55 to a 
fourth proportional, which gives the anfwer in inches. 
— 2* If the angle be exp ref fed in feconds, fay, as 
the given angle is to 360 , fo is 687.55 to a fourth 
proportional, which cxprefks the anfwer in inches. 
—3* If the angle bt exprefied in minutes and fe- 
coud*, turn it all into feconds, and proceed as a- 
bove* 

44 Example- At what didance is a globe of one 
foot in diameter when it fubtends an angle of two 
feconds ? 

. 7^00X68*7*55 

2 : 3600 087,55 : = 123759c 

inches, or IC3132I feet, which is the anfwer required, 
1 This 
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-mitromt* *+ This calculation nifty be fliortened ; for fiace two 
of the three proportionals are fixed, their product in 
C_ " — ’ ~ the fir ft cafe is 41253, and m the other two cafes k 

.2475180 5 fo that in the full cafe, viz, when the angle 
is exprcfted in minutes, you need only divide 41253 
'by the given angle ; and in the other two cafes, viz. 
when the angle is exprdfed in fecondfij divide 2475180 
by the given angle, and the quotient in either cafe h 
ihe anfwer in inches, 

** Problem 11 * The angle, not exceeding one de- 
gree, which is fub tended by any known ex ten (ion, 
being given, to hud its diftauce from the place of ob- 
fervatjon, 

* £ Rule. Proceed as If the extenfion were of one foot 
by Problem I* and call the anfwer B ; then, if the 
extenfion in queftion be exprefled In inches, fay, as 1 2 
inches are to that extenfion, fo is B to a fourth pro- 
portional, which k the anfwer in inches ; but if the 
extenfion in q tie ft ion be exprefTed in feet, then you 
need only multiply it by 13 , and the produ£l is the 
anfwer In inches. 

Example. At what diftauce is a man fix feet High, 
when he appears to fub tend an angle of 30 7 . 

** By problem f. if the man were one foot high, the 
di fiance would be 82506 inches ; but as he is fix feet 
high, therefore multiply 82506 by 6, and the produdl 
gives the required diftance, which k 495036 inches, 
tir 4 1 253 feet. 


Angles fubtended by an extenjlon of one foot at different 
dl fiances* 


Angles* 

Di fiances 
In feet. 

Angles* 

Diftances 
in feet. 

Min. 1 

3 43 7 ? 7 

Min* 3 1 

lie, 9 

2 

1718,9 

V 2 

107,4 

3 

114 5*9 

33 

104,2 ; 

4 


34 1 

1 or, 1 

5 

68“,5 

35 

98,2 

6 

572*9 

3 ° 

95*5 

7 

49 *. 1 

37 

* 9^9 

8 

4 - 19*7 

38 

9°>4 

9 

382,0 

39 

88,i 

1 0 

343 7 

4 o 

8 j ,9 

n 

3 M 

4 l 

83,8 

12 

286,5 

42 

8 i,y 

3 3 

26 M 

43 

79*9 

14 

MM 

44 

78,1 

*5 

229,2 

45 

76,4 

16 ! 

214^ 

4 6 

74*7 

17 

202,2 

47 

73 » 1 

18 

1 0 T ,0 

48 

71,6 

>9 

l 80,9 

49 

70,1 

20 

171,8 

50 

68,7 

2 T 

162,7 

51 

67.4 

2 2 

156,2 

5 * 

66, 1 

*3 

149*^ 

53 

64,8 

24 

J 43 * 1 

54 

63,6 

2 5 

> 37,5 

55 

62,5 

26 

« 3 7 >2 

56 

61,4 

27 

* 27*3 

57 

6°) 3 

28 

127,7 

5 ^ 

59 * 3 

29 

118,5 

59 

58,2 

30 

114,6 

60 

S 7*3 
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€t For greater convenieney, efpeclally in travelling, Mi&rome* 
or in fuch circwmftances in which one has not the WT ‘ 

opportunity of making even the eafy calculations re- v r - 

quired in thofe problems, I have calculated the fol- 
lowing two tables j the firft of which fhqws the di- 
fiance anfwering to any angle from one minute to one 
degree, which k fub tended by an extenfion of one 
foot j and the fecond table fhows the diftance anfwer- 
ing to any angle from one minute to one degree, 
which is fubtended by a man, the height of which 
has been called an extenfion of fix feet ; becaufe, at a 
mean, fuch is the height of a man when drdfed with 
hat and fhoes on* Thefe tables may be tranferibed 
on a card, and may be had always ready with a pocket 
telefcope furnlfhcd with a micrometer. Their ufe is 
evidently to afeertain di fiances without any calcula- 
tion ; and they are calculated only to minutes, becaufe 
with a pocket telefcope and micrometer it is not pof- 
fible to meafure an angle more accurately than 10 a 
minute* 

i( Thus, if one wants to meafure the extenfion of a 
ftreet, let a foot ruler be placed at the end of the 
ftreet ; meafure the angular appearance of it, which 
fuppefe to be 36 , and in the table you will have the 
required diftance againft 36', which is 95 \ feet* Thus 
alfo a man who appears to be 49' high, is at the de- 
fiance of 43 1 feet. 


Angles fubtended by an extenfion of fix fat at different 
d fiances • 


Angles* 

Di fiances 
in feet* 

Angles* 

Diftance 5 
in feet. 

Min* 1 

1 062 6,3 

Min* 31 

665,4 

2 

>c>3>3* 

3 Z 

6+4,5 

3 

687 ,4 

33 

625. 

4 

5*5 6 »5 

34 

6 - 6,6 

5 

4125,2 

35 

589*3 

6 

3437*7 

d 6 

572,9 

7 

2946,6 

37 

5 j 7 * 5 

8 

257^2 

3* 

542.8 

9 

22y ! ,8 

39 

528.9 

10 

2 06?, 6 

40 

5>5*6 

1 1 


4* 

503.1 

12 

171 8,8 

42 

491,1 

*3 

1586,7 

43 

479.7 

14 

>473*3 

44 

468,8 

1 5 

>375- 

45 

: 458,4 

16 

1 293,1 

46 

448.4 

17 

13 '3-3 

47 

43 8 ,9 

18 

>i+5*9 

48 

429,7 

*9 

1085,6 

49 

421. 

20 

103 s4 

50 

412,5 

21 

982,2 

5 1 

404,4 

2Z 

93 7> 6 

52 

396,7 

n 

896,8 

53 

389,2 

24 

859.4 

54 

381,9 

*5 

825. 

55 

375- 

26 

793*3 

56 1 

368,3 

27 

763.9 

57 

361,9 

28 

736.6 ; 

5 « 

357,6 

29 

7> >*3 

59 

349,6 


687,5 

60 

343*7 I 
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* Micrnfa 


I L The Micrometer has not only been applied to te- 
lefcopes, and employed for aftronomical purpofes; but 
there have alfo been various contrivances for adapting 
It to microscopical obfervations. Mr Leeuwen- 
hoek’s method of eftimating the frze of fmall objects 
was by comparing them with grains of fand, of which 
ico in a line took up an Inch, Thefe grains he laid 
^tipon the fame plate with his objedls, and viewed them 
nt the fame time. Dr Jurm’s method was fimilar to 
this ; for he found the diameter of a piece of fine fil- 
ver wire, by wrapping it as clofe as he could about a 
pin, and obfervmg how many rings made an inch ; 
and he ufed this wire in the fame manner as Leeuwen- 
hoek nfed his fand* Dr Hooke ufed to look upon the 
magnified object with one eye, while at the fame time 
he viewed other objefls placed at the fame difiance 
with the other eye. In this manner he was able, by 
the help of a ruler, divided Into Inches and fmall parts, 
and laid on the pedeftal of the microfcope, to call as 
It were the magnified appearance of the object upon 
the ruler, and thus exa&ly to meafure the diameter 
which it appeared to have through the glafs; which 
being compared with the diameter as it appeared to 
the naked eye, eafily fhowed the degree in which it 
was magnified, A little practice, fays Mr Baker, 
will render this method exceedingly eafy and pleafant. 

Mr Martin in his Optics recommended Inch a mi- 
crometer fora microfcope as had been applied to tele- 
fcopes: for he advifes to draw a number of parallel 
lines on a piece of glafs, with the fine point of a dia- 
mond, at the di fiance of one-fortieth of an inch from 
one another, and to place it in the focus of the eye- 
glafs. By this method, Dr Smith contrived to take 
the exadt draught of objects viewed by a double mi- 
crofcopc; for be advifes to get a lattice, made with 
fmall fiver wires or fquares, drawn upon a plain glafs 
by the ftrokes of a diamond, and to put it Into the 
place of the image, formed by the objedt-glafs : then 
by transferring the parte of the object, feen in the 
fquares of the glafs or lattice upon fimilar correfpond- 
ing fquares drawn on paper, thepi&nre may be exact- 
ly taken. Mr Martin alfo introduced Into compound 
inicrofcopes another micrometer, confiding of a ferew* 
See both thefe methods defcrlbed in his Optics , p. 277, 

The mode of a&ual admeafurement (Mr Adams 
obferves*) is without doubt the molt fimpie that can 


Ejfays) be ufed ; as by it we comprehend. In a manner, at 
P>-59* one glance, the different eifeds of combined glaffes ; 

and as it faves the trouble, and avoids the obfeunty, 
of the ufual modes of calculation : but many perfons 
find it exceedingly difficult to adopt this method, be- 
caufe they have not been accuftomed to obferve with 
both eyes at once. To obviate this inconvenience, 
the late Mr Adams contrived an Inffrument called the 
Needle’ Micrometer 7 which was fir ft defer ibed in his Mt- 
crographia llfajlrata ; and of which, as now conff ru£ted, 
we have the following defeription by his fun Mr George 
Adams in the ingenious Effays above quoted, 

r l his micrometer con fills of a ferew, which has 50 
threads to an inch ; this ferew carries an index, which 
points to the divifions on a circular plate, which is 
fixed at right angles to the axis of the ferew. The 
revolutions of the ferew are counted on a fcale, which 
is an inch divided into 50 parts; the index to thefe divi- 
Hons is a flower-de-luce marked upon the fliderj which 


carries the needle point acrofs the field ef the micro- Mftroim*- 
fcope, Every revolution of the micrometer ferew 
meafurds T ^th part of an inch, which is again fubdi- 
vided by means of the divifions on the circular plate, 
as this is divided into 20 equal parts, over which the 
index partVs at every revolution of the ferew; by which 
means we obtain with eafe the meafure of rcccth part 
of an inch ; for 50, the number of threads on the 
ferew In one inch, being multiplied by 20* the dtvi- 
lions on the circular plate are equal to rooo ; fo that 
each divifion on the circular plate Ihows that the 
needle has either advanced or receded loocth part of 
an inch. 

To place this micrometer on the body of the micro- Phtc 
fcope, open the circular part FKH, fig* 2 by taking CCXGYI* 
out the ferew G, throw back the femlcircle FIC, which 
moves upon a joint at K; then turn the Hiding tube of 
the body of the microfcope, fo that the fmall holes which 
are in both tubes may exa&ly coincide, and let the needle 
g of the micrometer have a free pafiage through them ; 
after this, ferew it fall upon the body by the ferew G, 

The needle will now traverfc the field of the micro- 
fcope, and meafure the length and breadth of the 
image of any object that is applied to it* But fur- 
ther affi fiance muft be had, In order to meafure the 
object itfelf, which is a fubje^t of real importance ; 
for though we have afeertained the power of the mi- 
cro fcope, and know that it is fo many thou fand times, 
yet this will be of little affi fiance towards afeertainmg* 
an accurate idea of its real fize ; for our ideas of bulk 
being formed by the comparison of one object with 
another, we can only judge of that of any particular 
body, by comparing it with another whole fize is 
known : the fame thing is neceflary, in order to Form 
an efiimatc by the microfcope; therefore, to al cert a in 
the real meafure of the objedl, we muft make the point 
of the needle pafs over the image of a known part of 
an inch placed on the fiage, and write down the revo- 
lutions made by the ferew, while the needle parted 
over the image of this know n meafure ; by which 
means we afeertain the number of revolutions on the 
ferew, which are adequate to a real and known mea- 
fure on the ft age. As it requires an attentive eye to 
watch the motion of the needle point as it paffes over 
the image of a known part of an inch on the ft age, we 
ought not to truft to one Angle meafurement of the 
image, but ought to repeat it at leaft fix times ; then 
add the fix meafures thus obtained together, and di- 
vide their fum by fix, or the number of trials ; the 
quotient will be the mean of all the trials- This refultr 
is to be placed in a column of a table next to that 
which contains the number of the magnifiers* 

By the affiftance of the fe&oral fcale, we obtain 
with eafe a fmall part of an inch* This fcale is fiiown 
at fig. 22, 23, 24, In which the two lines ca r cb y with 
the fide ab 9 form an ifofceles triangle ; each of the 
fides is two inches long, and the bafe ftill only of 
one-tenth of an Inch. The longer fides may be of any 
given length, and the bafe ftill only of one-tenth of an 
inch. The longer lines may be considered as the line 
of lines upon a fedor opened to one-tenth of an inch. 

Hence whatever number of equal parts ca , ch are di- 
vided into, their tranfverfc meafure will be fuch a par: 
of one- tenth as is exprefted by their divifions. Thus 
if it be divided Into ttn equal p<uts 3 this will divide 

%h% 
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Mieromfl' the inch into too equal parts ; the firft divifion nest 
^ | f ^ r * c will be equal to tooth part of an inch, bee a life it 13 
the tenth part of one-tenth of an inch* If thefe lines 
are divided into twenty equal parts, the inch will be 
by that means divided into 200 equal parts. Laftly, 
if ab f ca , are made three inches long, and divided into 
100 equal parts, we obtain with eafe the r oooth part. 
The fcale is rep refected as folk! at fig. 23. but a 3 per- 
forated at fig. 22* and 24, fo that the light paffes thro’ 
the aperture, when theledoral partisplacedonthe ftage. 

To ufe this fcale, firft fix the micrometer, tig. 25. 
to the body of the microfcope ; t hen fit the femoral 
fcale, fig. 24. in the ilagc, and adjuft the microfcope 
to its proper focus or diflan ce from the fcale, which 13 
to be moved till the bafe appears in the middle of the 
field of view ; then bring the needle point y, fig. 25. 
{by turning the ferew L) to touch one of the lines ca t 
exactly at the point anfwering lQ 20 on the femoral 
fcale. The index a of the micrometer is to he fet to 
the firft divifion, and that on the dial plate to 20, which 
is both the beginning and end of its divifions ; we ore 
then prepared to find the magnifying power of every 
magnifier in the compound miorofeope which we are 
lifing. 

Example- Every thing being prepared agreeable to 
the foregoing directions, fuppofe you are defirous of 
afeertainmg the magnifying power of the lens marked 
N tJ 4. turn the micrometer ferew until the point of 
the needle has patted over the magnified image of the 
tenth part of one inch ; then the divifion, where the 
two indices remain, will ftiow how many revolutions, 
and parts of a revolution, the ferew has made, while 
the needle point traverfed the magnified image of the 
mne-tenth of an inch ; fuppofe the refult to be 26 re- 
volutions of the ferevv, and 14 parti of another revolu- 
tion, this is equal to 26 multiplied by 20, added to 14; 
that is, 534,000 parts of an inch. — The 26 divifions 
found on the ftraight fcale of the micrometer, while 
the point of the needle patted over the magnified 
image of one- tenth part of an inch, were multiplied 
by 20, becaufe the circular plate CD, fig. 25* is di- 
vided Into 20 equal parts; this produced 520 ; then 
welding the 14 parts of the next revolution, we obtain 
the 534,coo parts of an inch, or five- tenths and 3400 
parts of another tenth, which is the meafure of the 
magnified image of one-tenth of an inch, at the aper- 
ture of the eye-glafles or at their foci. Now if we 
fuppofe the focus of the two eye-glattes to be one 
inch, the double thereof is two inches; or if we reck- 
on in the loocth part of an inch, we have 2000 parts 
for the diiiance of the eye from the needle point of 
the micrometer. Again, if we take the diiiance of 
the image from the objedt at the ilage at 6 inches, or 
6oeo, and add thereto 200c, double the di fiance of 
the focus of the eye-glafs, we fhall have 8000 parts of 
an inch for the diiiance of the eye from the object; and 
as the glaffes double ihe image, we mutt double the num- 
ber 534 found upon the micrometer, which then makes 
1068 1 then, by the following analogy, we ttialL ob- 
tain the number of times the microfcope magnifies the 
diameter of the object ; fay, as 240, the diftance of 
the eye from the image of the object, is to 800, the 
diiiance of the eye Irom the object; fo is 1068, double 
fche meafure found cm the micrometer, to 3563, or the 
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number of times the microfcope magnifies the diame- M uffle* 
ter of the object. By working in this manner, the tcr * , 
magnifying power of each lens ufed with the compound r ’ - 

microfcope may be ertfily found, though the refult will 
be different in different compound mierofeopes, vary- 
ing according to the combination of the lenfcs, their 
diiiance from the object and one another, &e. 

Having difeovered the magnifying power of the mi- 
crofcope, with the different objeit-lenfes that are ufed 
therewith, our next fubjeft is to find out the real fize 
of the objects themfelves, and their different parts : 
this is jeafily effected, by finding how many revolutions 
of the micrometer-fcrew anfwer to a known meafure 
on the federal fcale or other obje£l placed on the 
ft age j from the number thus found, a table fhottld he 
conftructed, exprefling the value of the different revo- 
lutions of the micrometer with that objeil lens, by 
which the primary number was obtained. Similar 
tables muft be conftructed tor each object lens. By a 
fet of tables of this kind, the obferver may readily 
find the meafure of any object he is examining ; for 
he has only to make the needle point travel fe over 
this objedl, and obferve the number of revolutions the 
ferew lias made in its pafiage, and then look into his 
table for the real meafure which correfponds to this 
number of revolutions, which is the meafure required. 

Mr Coventry of Southwark has favoured us with 
the defeription of a micrometer of his own invention ; 
the fcale of which, for minutencG, furpafles every 
inftrument of the kind of which we have any know* 
ledge, and of which, indeed, we could fcarcely have 
formed a conception, had he not indulged us with fe- 
veral of thefe inftruments, graduated as underneath. 

The micrometer is compofed of glafs, ivory, ttlver, 

See. on which are drawn parallel lines from the loth 
to the io, oooth part of an inch. But an uiftrument 
thus divided, he obferves, is more for curiofity than 
ufe : but one of thofe which Mr Coventry has lent us 
is divided into fquares, fo fin all that fifteen million of 
them are contained on ihe furface of one fquare inch, 
each fquare appearing under the microfcope true and 
ditliniSt ; and though fo fmaU, it is a fa<ff, that am- 
male id a are found which may be contained in one of 
thefe fquares. 

The ufe of micrometers, when applied to micro- 
fcopes, is to meafure the natural fize of the object, 
and how much that object is magnified. To afeertain 
the real fize of an obje£l in the fingle microfcope, no- 
thing more Is required than to lay it on the microme- 
ter, and adjull it to the focus of the magnifier, no- 
ticing how many divifions of the micrometer it covers. 

Suppofc the parallel lines of the micrometer to be the 
1 000 tli of an inch, and the objeft covers two divifions; 
its real fize is jeoths of an inch; if five, sooths, and 
fo on. 

But to find how much the object is magnified* 
is not mathematically determined fo eafiy by the fingle 
as by the compound microfcope ; but the follow- 
ing fimple method {fays Mr Coventry) I have ge- 
nerally adopted, and think it tolerably accurate. 

Adjnfl a micrometer under the microfcope 0, fay the 
1 oath of an inch of divifions, with a final! object on 
it; If fquare, the better : notice how many divifions one 
fide of the object covers, fuppofe 10; then cut apiece 
4 U 2 of 
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MfcroTie ■ ©f white paper fome thing larger than the magnified 
t tcr ' appearance of the object : then fix one eye on the oh- 
v ” jc£t through the mierofcope, and the other at the fame 
time on the paper, lowering it down till the object 
and the paper appear level and di Hindi ; then cut the 
paper till it appear exactly the fize of the magnified 
ubjedt; the paper being then meafured, fuppofe an 
inch fquare : Now, as the objedl under the magnifier, 
which appeared to he one inch fquare, was in reality 
only ten hundredths, or the tenth of an inch, the expe- 
riment prove* that it 1* magnified ten times in length, 
one hundred times in fuperfices, and one thou fa nd 
times in cube, which b the magnifying power of the 
glafs ; and, in the fame manner, a table may be made 
of the power of ad the other glnfTes. 

In ufing the compound mictofcope, the real fize of 
the objcdl is found by the fame method as in the firigle : 
but to demo nil rate the magnifying power of each glafs 
to greater certainty, adopt the following method,— 
Lay a two-feet rule on the liage, and a micrometer 
level with its fur face (an inch fuppofe, divided into 
100 parts, : with one eye fee how many of thofe parts 
are contained in the field of the micro/cope, (fuppofe 
50); and with the other, at the fame time, look for 
the circle of light in the field of the mierofcope, which 
with a little practice w’U foon appear diflinct ; mark 
how much of the rule is interfedled by the circle of 
light, which will be half the diameter of the field. 
Suppofe eight inches ; confequentjy the whole diame- 
ter will be fifteen. Now, as the real fize of the held, 
by the micrometers, appeared to be only $0 hundredths, 
or half an inch, and as half an inch is only one 3 2d 
part of j 6 indies, It fliows the magnifying power of the 
glafs to be 32' times in length, 1024 fuperfkes, and 
32,768 cube (e). 

Another way of finding the magnifying power of 
compound mlcrofeopes, is by ufing two micrometers 
of the fame divifions s one adj idled under the magni- 
fier, the other fixed in the body of the micro fcope in 
the focus of the eye-glafk Notice how many dm- 
fion $ of the micrometer in the body are feen in one 



The glafs micrometer without any mark is alfo di- 
vided, the outfide lines into 100th, the next into 
1 00 .th, and the infide lines into the 4000th of an 
inch : thefe are again eroded with an equal number o£ 


divifion of the micrometer under the magnifier, which Mkrftme* 
again mull be multiplied by the power of theeye-glafs*- ter - 
Example ; Ten divifions of the micrometer in the bo- v - 
dy are contained tn one divifion under the magnifier y 
fo far the power is in created ten times: now, if the 
eye-glafs be one inch focus, fuch glafs will of it- 
fdf magnify about eight times in length, which T 
wiih the ten times magnified before, will be eight 
times ten, or 80 times in length, 640 3 fuptrficiea, 
and 5 1 2,000 cube. 

“If (fays Mr Coventry) thefe micrometers are em- 
ployed in the folar mierofcope, they divide the objeeb 
into iquares on the fereen in fuch a manner as to ren- 
der it extremely eaiy to make a drawing of it. And 
(lays he) I apprehend they may he employed to great 
advantage with fuch a mierofcope as Mr Adams's Lu-: 
cernal ; becaufe this inftrument may be ufed either by 
day or night, or in any place, and gives the actual 
magnifying power without calculation 

The cafe with which we have been favoured by Mr 
Coventry contains fix micrometers, two on ivory and 
four on glafs. One of thofe on ivory is an inch di- 
vided into one hundred parts, every fifth line longer 
than the intermediate one, and every tenth longer fill!* 
for the greater cafe in counting the divifions under the 
microfcope, and is generally uied in mea Curing ther 
magnifying power of nnerofeopes. The other ivory 
one is divided Into fquares of the ^oth and tooth of 
an inch and is commonly employed in meaiuring 
opaque objects, 

Thofe made of glafs are for tran [parent objects* 
which, when laid on them, Jbow their natural fize. — - 
That marked on the brafs 1 :o, are fquares d’vided to 
the 1 coth of an inch : that marked 5000 are parallel 
lines forming nine divifions, each divifion the I oooth 
of an inch ; the middle divifion h again divided into 
5, making divifions to the 5000th of an inch. That 
marked id,oco is divided in the fame, manner, wit li- 
the middle divifion divided into 10, making the 
io,oouth of an inch. Example : 



lines in the fame manner, making fquares of the 
iocth, t oooth , and 4O0Cth of an inch, thus demonftra- 
tlng each other's fize* The middle fquare of the roocth 
of an inch (fee fig, 26,) is divided into fixteen fquares; 

now 


(e) Tt will be neccfTary, for great accuracy, as well as for comparative obfervations, that the two-feet rule 
Should always he placed at a certain diftance from the eye ; eight inches would, in general, be a proper diE 
lance. 
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Mcroptu, no*? as 1 003 fquares In the length of an inch, muF 
Micra fco; ^tipHed by tooo, gives one million in an lack furface ; 
- v ^ |* anfie rule, 011a of thofe fquares divided Into 16 

mu ft be the Ax teen millionth p-irt of an inch fur face 
See lig. z r i which fcudiririflifh&i view of the apparent 
{dr face exhibited under the magni er n 71 1 of WIlforFs 
microfcope. tn viewing the fmalled lines, Mr Co- 
ventry ofes no 2, or 3, ; and they are all better feen, 
he leys, by candle than by day-light, 

MICRO PUS, bastard cudweed; A genus of the 
polygamia neceflaria order, belonging to the fynge- 
nefia elaJs of plants ; and iti the natural method rank- 
ing under the 49th order, Gomhofttrf* The receptacle is 
paleaceous' ; there is no pappus ; the calyx is calcula- 
ted ; there is no radius of the corolla. The female 
florets are wrapped in the feales of the calyx* There 
are two fpeeies, the lupin us and eredtus ; but only 
the Former is ever cultivated in gardens. It is an 
annual plant, growing naturally in Portugal, in places 
near the fea. The mot fends out feveral trailing (talks, 
about Ax or eight inches long, which are gar n idled 
with fmall, oval* fllvery leaves, whofe bafes em- 
brace the (bilks. The flowers come out in cinders 
from the wings of the ftalks, and are very fmall, and 
of a white colour* It flowers in June and July ; and 
is frequently preferved in gardens on account of the 
beauty of Its fllvery leaves. It is eafiiy propagated 
by feed fown in autumn, and requires no other cul- 
ture but to be kept free from weeds. 

MICROSCOPE, an optical inftrument, confiding 
of lenfes, or mirrors, by means of which fmall objects 
appear larger than they do to the naked eye. Single 
miurofeopcs confltb of a Angle lens or mirror ; or if 
more lenfes or mirrors be made nfe of, they only leive 
to throw light upon the object, but do not contribute to 
enlarge the image of it. Double or compound mi- 
cro fc opes are thofe in which the image of an object is 
compofed by means of more knfea or mirrors than one. 

For the principles on which the couttrudtron of mi* 
crofcopes depends, fee Optics. In the prefeut ar- 
ticle, it is intended to deferibe the fi milled indrument, 
with ''all its varied apparatus, according to the la tell im- 
provements ; and to illuilrate by proper details lU^ufea 
and Importance. 

I . Of Singl e Microfcope s* 

> Th e famous microfcopes made ufe of by Mr Lee wen* 
hoeck, were all, as Mr Baker allures m, of the Angle 
kind, and the conftrudHon of them was the moll Ample 
pofllble ; each con filling only of a Angle lens fet be- 
tween two plates of fiber, perforated with a fmall 
hole, with a moveable pin before it to place the ob- 
ject on and adjull it to the eye of the beholder* Pie 
informs us alfo, that lenfes only, arid not globules $ were 
ufed In every one of thefe microfcopes. 

1. The Angle microfcope now moil generally known 
CCXCVII an ^ 11 ^ is that called Wilfin's Pocket Microfcope. The 
$ Zm \, 'body is made of brafs, ivory* or fitver, and is repre* 
fented by A A, BB. CC is a long fine-threaded male 
ferew that turns into the body of the microfcope ; I> 
a convex glafs at the end of the ferew. Two con- 
cave round pieces of thin brafs, with holes of different 
diameters in the middle of them, are placed to cover 
the abovemen Boned glafs, and thereby dimmifli the 
5 


aperture when the greatdt magnifiers are employed. M e>*okops 
EE, three thin plates of brafs within the bo ly of the * 
microfcope ; one of which is bent lermclrcu fitly in the 
mi Idle, io as to form an arched cavity for the recep- 
tion of a tube of gkifq the ufe of the other two be- 
ing to receive and hold the Aiders between them. F, 
a piece of wood or ivory, arched in the manner of 
the fern [circular plate, and cemented to it. G, the 
other end of t lie body of the microfcope, where a hol- 
low female ferew is adapted to receive the different 
magnifiers, H, Is a fpiral fpring of (led, b tween 
the end G and the plates of brafs, intended to keep 
the plates in a right pofltiou and counteract the long 
ferew CC. I, Is a fmall turned handle, for the better 
holding of the inftrumcntj to ferew on or off at pleafure. 

To this microfcope belong Ax or feven magnifying 
glades : Ax of them are fet in Aivcr, brafs, or Ivory, 
as in the figure K ; and marked i, 2, 3, 4, 5, 6* 
the lowed numbers being the greated magnifiers. E 
is the feventh magnifier, fet in the manner of a little 
barrel, to be held in the hand for the viewing of any 
larger obje£l. M, is a flat flip of ivory, called a 
jlidefy with four round holes through it, wherein to 
place obje£b between two pieces of glais or Mufeovy 
talc, as they appear at rfddd* Six fuch Aiders, and 
one of brafs, are uftially fold with this microfcope, 
forne with objetds placed in them, and others empty 
for viewing any thing that may offer : but whoever 
pleafes to make a coiled! on, may have as many as lie 
defires. The brafs Aider is to confine any fmall objedl, 
that it may be viewed without crufhing or deftroying 
it. N, is a tube of glafs contrived to confine living ob- 
je£b, fuch as frogs, fi flies, 6c c. in order to difcover 
the circulation of the blood. All thefe are contained 
in a little neat box of fill) -(kin or mahogany, very 
convenient for carrying in the pocket. 

When an objedl is to be viewed, thruft the ivory 
Aider, in which the fa id object Is placed, between the 
two flat brafs plates EE ; obferving always to put 
that fide of the Aider where the brafs rings are far* 
theil from the eye. Then ferew on the magnifying 
glafs you intend to ufe, at the end of the In liniment 
G ; and looking through it again d the light, turn the 
long ferew CC, till your object be brought tofultyour 
eye; which will be known by Its appearing perfectly 
difim£tand clear. It is mod proper to look at It Aril 
through a magnifier that can (how the whole at once* 
and afterwards to Infpeid the feveral parts more parti- 
cularly with one of the great ed magnifiers ; for thus 
you will gain a true idea of the whole, and of all its 
parts. And though the greateil magnifiers can Aiow 
but a minute portion of any object at once, fuch as the 
daw of a Ilea, the horn of a Louie, or the like; yet by 
gently moving the fliticr which contains, the objedl, 
the eye will gradually examine it all over. 

As objects mud be brought very near the gkfies 
when the greated magnifier! are made ufe of, be care- 
ful not to feratch them by rubbing the Aider againfl 
them as you move it in or out. A few turns of the 
ferew CC will eafiiy prevent this mifehief, by giving 
them room enough. You may change the obje ts iq 
your Aiders for any others you think proper, by taking 
out the brafs rings with die point of a penknife £ 
the talcs will then fall out. If you but turn the Aiders $ 

and 1 


M I c r 710 ] MIC 


M i c f f p aft j after putii tig \v hat you plea fe bet wee n the iti , by 

' ' v— replacing the brafs rings you will faiicn them as they 
were before. It is proper to have fome fl iders furnifti* 
ed with taka, but without any object between them* 
to be always in readinefs for the examination uf fluids, 
falls* fands, powders, the Farina of flowers, or any 
other cafuaL objedls of Fitch fort as need only be applied 
to the outlide of the talc. 

The circulation of the blood may be eafiefl feen in 
the tails or fins of fifties, in the fine membranes be- 
tween a frog's toes, or befl of all in the tail of a 
water-newt. If your object be a fmall fifli, place it 
within the tube N, and fpread its tail or fin along the 
fide thereof : if a frog, choofe fuch an one as can but 
juft be got into your tube ; and, with a pen, or fmall 
iiick, expand the transparent membrane between the 
toes of the frog's hind foot as much as you can. When 
your object is fo adj lifted that no part of it can In- 
tercept the light from the place you intend to view, 
un threw the long ferew CC, and thruft your tube in- 
to the arched cavity, quite through the body of the 
microfcope ; then ferew k to the true focal di fiance, 
and you will fee the blood palling along Its vdTds with 
a rapid motion, and in a moft furp riling manner. 

The third or fourth magnifiers may be ufed for 
frogs or fifties : but for the tails of water-newts, the 
fifth or fixth will do ; bccaufe the globules of their 
blood are twice as large as thofc of frogs or fifth The 
hr ft or fecomi magnifier cannot well be employed for 
this purpofe ; bccaufe the fhicknefs of the tube in 
which the objedt lies, will fcarce admit its being 
brought fo near as the focal di Ranee of the magnifier. 
An apparatus for the purpofe of viewing opaque 
objects generally accompanies this microfcope ; and 
which confifts of the following parts. A brafs arm 
QJl, which is ferewed at Qvupon the body of the mi- 
crofeope at G* Into the round hole R, any of the 
magnifiers fukahle to the object to be viewed are to 
be ferewed ; and under it. In the fame ring, the con- 
cave polifhed iilver fpeculum S* Through a fmall 
aperture in the body of the microfcope under the 
hrais plates EE, Is to Aide the long wire with the 
forceps T : This wire is pointed at one of its ends ; 
and fo, that either the points or forceps may" be ufed 
for the objects as may be neeefiary* It is eafy to 
conceive, therefore, that the arm at R, which turns 
by a twofold joint at a and may be brought with 
its magnifier over the object, the light reflected upon 
it by the application of the fpeculum, and the true 
focus obtained by turning of the male ferew CC as 
before directed. — As objedts are fometimes not well 
fixed for view, either by the forceps or point, the 
fmall piece fhown at N is added, and in fuch cafes 
aniwers better: it fciews over the point of T ; it con- 
tains a fmall round piece of ivory, blackened on one 
fide, and left white upon the other as a contrail to 
coloured objects, and by a fmall piece of watch- fpring 
fallens down the objects upon the ivory* 

2 * Single Microfcope by reflection* In fig. 2 * A is a 
fcroil of brafs fixed upright upon a round wooden 
bafe B, or mahogany drawer or cafe, fo as to ftand 
perfectly firm and Ready* C is a brafs ferew, that paf- 
fes through a hole in the upper limb of the fcroil in- 
to the fide of the microfcope D, and ferews it fall to 
the fa id fcroil* E is a concave , fpeculum fet in a 


box of brafs, which hangs in the arch G by two fmall Mkpofcftft 
ferews / f, that ferew into the oppofite fides thereof* 

At the bottom of this arch is a pin of the fame metal, 
exa&Iy fitted to a hole h m the wooden pcdeflal, made 
for the reception of the pin. As the arch turns on 
this pin, and the fpeculum turns on the end of the 
arch, it may, by this twofold motion, be ealily adj ail- 
ed in fuch a manner as to reflect the light of the fun* 
of the Iky, or of a candle, dircRIy upwards through 
tlie microfcope that is fixed perpendicularly over it ; 
and by fo doing may be made to anfwer many pur- 
pofes of the large double refiert mg microfcope. The 
body of the microfcope may alfo be fixed horizon- 
tally, and objects viewed in that pofttion by any light 
you choofe ; which i 3 an advantage the common double 
reflecting microfcope has not* It may a/fo be render- 
ed further ufefnl by means of a flip of glafs ; one end 
of which being thrall through between the plates where 
the Aiders go, and the other extending to fome di fiance, 
fuch objects may be placed thereon as cannot be ap- 
plied in the Aiders : and then, having a limb of bra hi 
that may Fallen to the body of the microfcope, and ex- 
tend over the projecting glafs a hollow ring wherein 
to Ferew the magnifiers, all forts of fubjedts may be 
examined with great convenience, if a hole be made in 
the pedeftal, to place the fpeculum exactly underneath* 
and thereby throw up the rays of light. The pocket- 
microfcope, thus mounted, fays Mr Baker, ** is as eafy 
and pleafant in its ufe ; as fit for the moft curious ex- 
amination of the animalcules and falts in fluids, of the 
faring in vegetables, and of the circulation in Fmall 
animals; in fhsrt, is as likely to make con fide rable 
difcoverics in objects that have fome degree of tranfpa- 
rency, as any microfcope I have ever feen or heard of.” 

The brafs fcroil A is now generally made to un- 
fere w into three parts, and pack with the microfcope 
and apparatus into the drawer of a mahogany pocket- 
cafe, upon the lid of which the fcroil is made to fix 
when in ufe* 

The opaque apparatus alfo, as above deferifeed, if 
applicable this way by reflection* It only con lifts in 
turning the arm 11 (fig. 1.), with the magnifier over 
the concave fpeculum below (fig. 2), or to receive the 
light as reflected obliquely from it : the filver fpecu- 
lum ferewed into R will then relied the light, which 
It receives from the glafs fpeculum, flrongly upon the 
objedthat Is applied upon the wire T underneath* 

This microfcope, however, is not upon the moil 
convenient conftrudion, in companion with others now 
made : it has been dleemed for many years paft from 
its popular name, and recommendation by its makers. 

Its portability is certainly a great advantage in its fa- 
vour ; but in moll refpe&s it is fuperfeded by the mi- 
crofcopes hereafter deferibed. 

3* Microfcope for Opaque Qbjc$s% called the Single Fig- 3* 
Opaque Microfcope . This microfcope remedies the in- 
convenience of having the dark fide of an objed next 
the eye, which formerly was an uuftirmountable ob- 
jection to the making obfervationa on opaque objeds 
with any confiderable degree of exadnefs or fatisfac- 
tion : for, in all other contrivances commonly known, 
the nearnefs of the inllrumeut to the objed (when 
glalfes that magnify much are ufed) unavoidably 
overftiadows it fo much, that its appearance is render- 
ed obfeure and indillind* And, notwithstanding way* 

have 
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M croicope have been tried to point light upon an object from the 
fun or a candle, by a convex glafs placed on the tide 
Thereof, the rays from either eau be thrown upon it in 
fu;h an acute angle only, that they ferve to give a con- 
fuied glare, but are infufficient to afford a clear and 
perfect view of the object- But this microfcope, by 
means of a concave fpeculum of filver highly poiifbed, 
in whofe centre a magnifying lens is placed, fuch a 
ft rung and direct light is relieved upon the objeft, 
that it may be examined with all imaginable eafe and 
pk attire* The feverai parts of this i nit rumen t, made 
either of brafs or illver, arc as Follow* 

Through the firft fide A, pafies a fine ferew B, the 
other end of which is fattened to tlie moveable fide C. 
D is a nut applied to this ferew, by the turning of 
which the two fides A and C are gradually brought 
together* E is a fpring of fteel that fepa rates the 
two fides when the nut is nnferewed. F is a piece of 
brafs, turning round in a focket, whence proceeds a 
fmall fpring tube moving upon n rivet; through which 
tube there inns a Heel wire, one end whereof termi- 
nates in a (harp point G, and the other with a pair of 
pliers H fattened to it* The point and ply erg are to 
thrutt into, or take up and hold, any infeed or object ; 
and either of them may be turned upwards, as bett 
futts the purpofe* I is a ring of brafs, with a female 
ferew within it, mounted on an unright piece of the 
Fame metal ; which turns round on a rivet, that it may 
be fet at a due did a nee when the tea ft magnifiers are 
employed* This ring receives the ferews of all the 
magnifiers* K :s a concave fpeculum of filver, po- 
lifhed aa bright as poffibk ; in the centre of which is 
placed a double convex lens, with a proper aperture 
to look through it* On the back of this fpeculum a 
male ferew L is made to fit the brafs ring I, to ferew 
into it at pkaf&re* There are four of theft concave 
fpeeula of different depths, adapted to four glaffes of 
different magnifying powers, to be ufed as the ob- 
jects to be examined may require* The greateft mag- 
nifiers have the kaft apertures. M, is a round object- 
plate, one fide of which is white and the other black : 
The intention of this is to render objects the more vk 
fible, by placing them, if black, on the white fide, 
or, if white, on the black fide, A tteel fpring N turns 
down on each fide to make any objedt fait ; and if* 
filling from the object- plate is a hollow pipe to ferew 
It on the needle’s point G* G, is a fmall box of brafs, 
with a glafs on each fide, contrived to confine any li- 
ving object, in order to examine it : this alfo has a 
pipe to ferew upon the end of the needle G« P, is a 
turned handle of wood, to ferew into the inttrument 
when it is made life of. Q* a pair of brafs pliers to 
take up any object, or manage it with convemency, 

R, is a fofit halt-brttih for cleaning the glaffes, &c. 

S, is a fmall ivory box for talcs, to he placed, when 
wanted, in the fmall brafs-box O* 

When you would view' any object with this micro- 
f cope, ferew the fpeculum, with the magnifier you 
think proper to ufe, into the brafs ring L Place your 
object, either on the needle G in the pliers H, on the 
objedhplate M, or in the hollow brafs box O, as may 
be moft convenient ; then holding up your inttrument 
by T the handle P, look againft the light through the 
magnifying lens; and by means of the nutX)> together 
with the motion of the needle, by managing its lower 


end, the objc£i may he turned about, railed, de ^ 
prefied, brought nearer the glafs, or removed farther 
from it, till you find the true focal di fiance, and the 
light be feen ftrongly r dieted from the fpeculum up- 
on the object, by which means it will be fhown in a 
manner furprifingly difimd: and clear ; and fur ilfii 
purpofe the light of the fky or of a candle will anfwtr 
very well, Tranfparent objecis may alfo be viewed by 
this micro fcope ; only observing, that when fuch come 
under examination, it will not always he proper to 
throw on them the light refie&ed from the fpeculum ; 
frtr the light tranfmkted through them, meeting the 
reflected light, may together produce too great a glare. 

A little practice, however, will ihow bow to regulate 
both lights in a proper manner* 

4 |* Aflis’s faigle and Aquatic Mwr of cope* Fig. 4 * re- 
prefents a very convenient and ufeful microfcope, con* 
t rived by Mr John Ellis, author of An Efliiy upon Co- 
rallines, &c* To practical botamfts, obfervers of ani- 
maleuta, &c. it poiTdJes many advantages above thofe 
juft deferibed* It is portable, fimple in its conttruc- 
tion, expeditious, and commodious in ufe. K, re- 
prefen ts the box containing the whole apparatus; it 
is generally made of fifli-fkm ; and on the top there 
is a female ferew, for receiving the ferew that is at the 
bottom of the pillar A : this is a pillar of brafs* 
and is ferewed on the top of the box, 1 ), is a 
brafs pin which fits into the pillar ; on the top of ihis- 
pin is a hollow focket to receive the arm which carries 
the magnifiers ; the pin is to be moved up and down* 
in order to adjuft the lenfes to their focal or proper 
di fiance from the object. [N* B* In the representa- 
tions of this microfcope, the pin 13 is delineated as 
patting through a foeket at one fide of the pillar A ; 
whereas it is ufual at prefent to make it pals down & 
hole bored through the middle of the pillar.} E, the 
bar which carries the magnifying kns j it fits into the 
foeket X,wMch is at the top of the pin or pillar I>* This* 
arm may be moved backwards and forwards in the 
focket X, and fide ways by the pin D ; fio that the 
magnifier, which is fere wed into the ring at the end 
E of this bar, may be eafily made to traverfe over any 
part of the object that lies on the ftage or plate B. 

FF is a poli filed filver fpeculum, with a magnifying 
lens placed at the centre thereof, which is perforated 
for this purpofe* The filver fpeculum ferews into the 
arm E, as at F* G, another fpeculum, with its kns, 
which is of a different magnifying power from the 
former* H, the fendcircle which fuppurts the mirror 
1 ; the pin R, allied to the femieiiele H, paffes thro 1 
the hole which is towards the bottom of the pillar A* 

E, the ftage, or the plane, on which the objeds are to* 
be placed ; it fits into the fmall dove -tailed arm which 
is at the upper end of the pillar DA. C, a plane 
glafs, with a fmall piece of black filk ftuek on it ; thn 
glafs is to lay in a groove made in the ftage B* 
a hollow glafs to be laid oceafioually on the ftage in- 
Head of the plane glafs C, L, a pair of nippers* 
Thefe are fixed to the ftage by the pin at bottom ; 
the tteel wire of thefe nippers Aides backwards and 
forwards in the focket, and this focket is moveable 
upwards and downwards by means of the joint, lb that 
the pofition of the object may be varied at pleafure* 
The object may be fixed In the nippers, ftuek on the 
point j or iiiExedj by a little gum water, &c. to the 
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'V ivory cylinder N, which oce^lftijjally krews to the 
^ point oi the nippers* 

i q if/i this microfcope; Take all the parts of the ap- 
paratus out of the box ; then begin by fere wing! the pillar 
A to the cover thereof; pais the pin 11 of the iemicirulc 
which carries the mirror thro 1 the hole that is near the 
bottom of the pillar A ; pufhthe flageintotheslove-tail at 
’Bjflide the pin into the pillar (fee the N. B. above); then 
pafc the bar E th rough the locket which is at the 
top of the pin l) s and (crew one of the magnifying 
knfes into the ring at F. The microfcope h now 
ready for ufe : and though the enumeration of the ar- 
ticles may lead the reader to imagine the inftrument 
to be of a complex nature, we can fafely affirm that 
he will find it othtnvife. The inilrument has this pe- 
culiar advantage, that it is difficult to put an) r of the 
pieces in a place which is appropriated to another* 
Let the object be now placed either on the flage or 
in the nippers L, and in fuch manner that it may be 
as nearly as poffible over the centre of the flage; bring 
the fpeculum F over the part you mean to obferve; 
then throw as much light on the fpeculum as you can, 
by means of the mirror I, and the double motion of 
which It is capable ; the light received on the fpecu- 
lum is reflected by it on the object. The dtftance of 
the lens F from the object is regulated by moving the 
pin 13 up and down, until a diflindt view of it is 
obtained* The beft rule is, to place the lens beyond 
its focal d [fiance from the object, and then gradually 
to hide it down till the objttt appears fhar p and well 
defined. The adjufbnent of the ltufes to their focus, 
and the diffributiou of the light on the object, are 
wh at require the moft attention r on the firit the di- 
{Un^lnefs of the vifion depends; the pleafure arifing 
from a clear view of the parts under obfervation is due 
to the modification of the light. No precife rule can 
be given for attaining accurately thefe points; it is 
from practice alone that ready habits of obtaining 
thefe neccfiary properties can be acquired, and with the 
aififtance of this no difficulty will be found. 

A very fimple and convenient microfcope for 
botanical and other purpofes, though inferior in many 
refpeifls to that of Mr Ellis, was contrived by the late 
ingenious Mr Benjamin Martin, and is represented at 
fig. 5, where A B reprefents a fmall arm fupportmg 
two or more magnifiers, one fixed to the upper part 
us at 3 y the other to the lower part of the arm at C ; 
thefe may be ufed feparately or combined together. 
The arm AB is fup ported by the fquare pillar IK, 
the lower end of which fits into the focket E of the 
foot FG ; the fhge DL is made to Hide up and down 
the fquare pillar ; H, a concave mirror for reflecting 
light on the objeth — To ufe this microfcope, place 
the objeft on the Huge, reflect the light on it from 
the concave mirror, and regulate if to the focus, by 
moving the flage nearer to or farther from the lens at 
33 * The ivory Aiders pafs through the flage ; other 
objects may be fixed in the nippers MNf and then 
brought under the eye-glafles ; or they may be hid 
on one of the glaffes which fit the flage. The appa- 
ratus to this inffrument conltfls of three ivory fliders r ; 
a pair of nippers; a pair of forceps ; a flat glafs and a 
concave ditto, both fitted to the flage* 

The two lafi micro fcopes arc frequently fitted up 
N u 1 1 S. 



6* Withering* s par table Botanic blierofrope. Fig, 6 * 
reprefents a final! botanical microfcope contrived by 
l>r Withering, and described by him in his Bma- 
meal Arrangements* It couiifls of three brafs plates, 

A, B, C, which are parallel to each other; the wires 
13 and E aie ri vetted In to the upper and lower plaLes, 
which are by this means united to each other ; the 
middle plate or tbge is moveable on the aforefaid wires 
by two little lockets which are fixed to it* The two 
upper plates each, contain a magnifying lens, but of 
different powers ; one of thefe confines and keeps in 
thdr places the fine point F, the forceps G, and the 
. fmaU knife H.— To ufe this infframoit, unferew the 
upper lens, and take out the point, the knife, and the 
forceps ; then ferew the lens on again, place the ob- 
ject on the flage, and then move it up or down till 
you have gained a diflintt view of the objedt, as one 
lens is made of a fiiorter focus than the other ; and 
fpare lenfos of a fiill deeper focus may be had if re- 
quired* This little microfcope is the mofl portable 
of any* Its principal merit is ha fimplicity, 

7. Botanical benjes or Magnifiers* The hafle with 
which botanifls, See. have frequently occafion to view 
objefls, renders an extempore pocket-glafs indifpen- 
fably neceflary. The mofl convenient of any yet con- 
ftr lifted, appears to be that contrived, in regard to the 
form of the mounting, by the late Mr Benjamin Mar- 
tin ; and is what he called a Hand Ah^aiajcoptp be~ 
caufe it is well adapted for viewing all the larger fort 
of fmall objects univerfally, and by only three knfes 
it has feven different magnifying powers. 

Fig. 7* reprefents the cafe with the three frames and 
lenfts, which are ufually of J, 1 1 , and 2 inches focus: 
they all turn over each other, and ihut into the cafe, 
and are turned out at pleafgre. 

The three lenfes fingly, afford three magnifying 
powers; and by combining two and two, we make three 
more - for d with c makes one, d withy* another, and 
e with f a third ; which, with the three fingly, make 
fix ; and laflly, all three combined together make an- 
other ; fo that upon the whole, there are feven powers 
of magnifying with thefe glafies only* 

When the three lenfes are combined, it is better to 
turn them in, and took through them hy the fmall 
apertures in the fides of the cafe* The eye in this 
cafe is excluded from extra light ; the aberration of 
the fuperfluous rays through t lie glaffes is cut off; auci 
the eye coincides more exactly with the common axes 
of the lenfes* 

A very ufeful and eafy kind of microfcope (deferi- 
bed by Joblot, and which has been long in ufe), adapt- 
ed chiefly for viewing, and confining at the fame time, Plate 
any living inkdts, fmaU animals, &c. is fhown at fig ^ CCXCVIK 
where A reprefents a glafs tube, about 1 1 inches dia- 
meter, and 2 inchts high. B, a cafe of brafs or wood, 
containing a Hiding tube, with .two or three magnify- 
ing glaffes that may be ufed either feparately or com- 
bined. In the infide, at the bottom, is a piece of 
ivory-, black and white on oppoljte fides* that is oeca- 
fionally removed, and admits a point to be fere wed in- 
to the centre* The cap unferews at D, to admit the 
placing of the object; the proper difiance of the glaffea 

from 
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fcope from the object h regulated by pulling up or down 
the brafs tube E at top containing the eye-glafics* 
This microfcope is particularly ufeful for exhibiting 
the well-known curious curcvlw impenaR$) vulgarly call- 
ed the diamond bceik y to the gre ate ft advantage ; for 
which, as well as for other obje£b, a glafs bottom, 
and apolifhed reflector at the top, arc often applied, to 
coudenfe the light upon the ahjedl- In this cafe, the 
hand and brnfs-hottom F, as fhown in the figure, are 
taken away by unferewing. 

9 , Air Lyoncds Single Anatomical Differing Microfcope* 
Fig. 9. reprefents a curious and extremely ufeful mi- 
cro fco pc, invented by that gentleman for the pur- 
pofe of minute diflTedions, and microfcopie prepara- 
tions* This inftrument mult be truly ufeful to ama- 
teurs of the minutiae of in feds, &c* being the bed 
adapted of any for the purpofes of diffedion. With 
this inftrument Mr Lyonet made his very curious 
microfcopical diffedion of the chenille default* as related 
in his Trade Anaiomique de hi chenille qui range te hois de 
Ja.uk j 4to. 

AB is the anatomical table, which is fupported by 
a pillar NO ; this is fere wed on the foot CD* The 
table AB is prevented from turning round by means 
of two ftcady pins* In this table or board there is a 
hole G, which is exactly over the centre of the mirror 
EF, that is to rcfled the light on the objed; the hole 
G is ddigned to receive a flat or concave glafs, on 
which the objects for examination are to be placed* 
RXZ is an arm formed of fcveral balls and foekets, 
by which means it may be moved in every poffible fi- 
tuationj it is fixed to the board by means of the fcrew 
H* The kit arm IZ has a female fcrew, into which 
a magnifier may be ferewed as at Z By means of the 
fcrew H, a I'm all motion may be occa lion ally given to 
the arm IZ, for adj lifting the lens with accuracy to 
its focal di fiance from the objed. 

Another chain of balls is l’ometimes ufed, carrying 
a lens to throw light upon the objed ; the mirror is 
like wife fo mounted, as to be taken from its place at 
K, and fitted on a clamp, by which it may be fixed 
to any part of the table AB* 

To ufc the Differing Talk : — Let the operator fit with 
his left fide near a light window ; the inftrument being 
placed on a firm table, the fide DH towards the fto- 
machj the obfervations ftiould be made with the left 
eye* In difieding, the two elbows are to be fup- 
ported by the table on which the inftrument refts, the 
hands reftiug again ft the board AB; and in order to give 
it greater ft ability (as a fmall fhake, though imper- 
ceptible to the naked eye, is very vifible in the mi- 
crofcope), the difleding inftruments are to be held 
one in each hand* between the thumb and two fore- 
fingers* 

II* Of Double Microfeopes, commonly called Compound 
M icrofeopes . 

Double microfeopes are fo called, from being a com- 
bination of two or more lenfes. 

The particular and chief advantages which the com- 
pound microfeopes have over the Angle, arc, that the 
objects are reprefented under a larger field of view, and 
with a greater amplification of reflected light- 

1, Culpeper* $ Microfcope . The compound microfcope, 
originally contrived by Mr Culpeper, is reprefented at 
Vou XL Part XL 
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fig* to- It cofififts of a large external brafs body A,Microfcopo 

B, C, D, fupported upon three fc rolls, which are fixed * ' 

to the ftage EF ; the ftage is fupported by three lar- 
ger fcrolls, that are fere wed to the mahogany pedeftal 
GH. There is a drawer in the pedrital, which holda 
the apparatus* The concave mirror / U fitted to a 
focket in the centre of the pedeftah The lower part 
LMCD of the body forms an exterior tube, into which 
the upper part of the body ABLM Hides, and may 
be moved up or down, fo as to bring the magnifiers, 
which are fere wed on at N, nearer to or farther from 
the object. 

To nfe this microfcope : Screw one of the buttons, 
which contains a magnifying lens, to the end N of the 
body ; place the ilidcr, with the objeits, between the 
plates of the Aider-holder* Then, to attain diftintt 
vilion, and a pkafing view of the object, adjuft the body 
to the focus of the lens yon are ufjng, by moving the 
upper -part gently up and down , and regulate the light 
by the concave mirror* 

For opaque objedls, two additional pieces mull be 
ufed* The firft is a cylindrical tube of brafs (reprefent- 
ed at L, fig* ii*), which fits on the cylindrical part at 
N of the body* The fecond piece is the concave fpeeu- 
Ium Z; this is to be fere wed to the lower end of the 
afore faid tube : the upper edge of this tube ftiould be 
made to coincide with the line which has the fame num- 
ber affixed to It as to the magnifier you are ufing; e.w gr. 
if you are making ufe of the magnifier marked 5 ", Hide 
the tube to the circular line on the tube NT that is 
marked alfo with N J y* the Aider-holder ftiould be re- 
moved when you are going to view opaque objects, and 
a plane glafs fhoulzLbe placed on the ftage in its ftead 
to receive the object ; or it may be placed in the nip- 
pers, the pin of which fits into the hole in the ftage. 

The apparatus belonging to this microfcope confifts 
of the following particulars; viz. Five magnifiers, each 
fitted in a brafs button ; one of thefe is feen at N, 
fig* jo* Six Ivory Aiders, five of them with ebjcifts. 

A brafs tube, to hold the concave fpecidum. The 
concave fpeculum in a brafs box. A fifli pan. A let 
of glafs tubes* A fiat glafs fitted to the ftagi* A 
concave gkfs fitted to the ftage. A pair of Forceps, 

A Heel wire, with a pair of nippers at one end and a 
point at the other, A fmall ivory cylinder, to fit oit 
the pointed end of the afore kid nippers* A convex 
lens, moveable in a brafs femicircle ; this is affixed to 
a long brafs pin, which fits into a hole on the ftage* 

The con fir utt ion of the foregoing microfcope is 
very Ample, and it iseafy in ufe; but the advantages of 
the ftage and mirror are too much confined for an 
extenlive application and management of all kinds of 
objects* Its greateft recommoidation is its cheap sufs ; 
and to thofe who are defirous of having a compound 
microfcope at a low price, it may be acceptable* 

2. Cuff* s Microfcope * The improved microfcope 

next in order is chat of Mr Cuff. Befides remedying 
tlie difadvautages above mentioned, it contains the 
addition of an adj lifting fcrew, which is a confider- 
able improvement, and highly neceftary to the ex- 
amination of objects under the belt defined appear- 
ance from the glades* It is reprefented at fig* 1 1„ 
with the apparatus that ufually accompanies it. A, 

B, C, ftiows the body of this microfcope ; which 
contains an eye-gkk at A, a broad lens at B s and 
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M'cfofcnpr a ma gnlfier which la fere wed on at C. The body 

* — ] s fupported by the atm I> E f from which it may 
he removed at pleafure, The arm DE is fixed 
on the Hiding- bar F, and may be raifed or tlepref- 
fed to any height within its limits* The main pil- 
lar n h 13 fixed in the box b c; and by means of the 
Draft foot d is ferewed to the mahogany pedeftal X Y, 
in which is a drawer containing all the apparatus. G, is 
ci milled -headed ferew, to tighten the bar F when the 
a dj lifting ferew eg is ufed. pq Is the ftage, or plate, 
which carries the objects ; it has a hole at the centre 
//. G a concave mirror, that maybe turned in any 
direction, to refled the light of a candle, or the fky, 
upon the object. 

To vfe this microfcope : Screw the magnifier you 
intend to ufe to the end C of the body, place the 
Aider-holder P in the hole n , and the flitter with the 
object between the pistes of the fl ider-h older ; let the 
upper edge of the bar D E to coincide with the dm 
vj lions which correfpond to the magnifier yon have in 
ufe, and pinch it by the milted nut ; now refled a 
proper quantity of light upon the objeft, by means 
of the concave mirror G, and regulate the body ex- 
actly to the eye and the focus of the glaffes by the 
adj lifting firm* 1 eg. 

To view take away the flider-holder 

P, and place the object on a fiat glafs under the cen- 
tre of the or tvl orst ei1 d ef the jointed nippers 

ef. Then ferew she Giver concave fpeculum h to the 
end of the cylinder L, and Hide this cylinder on the 
lower part of the body, fo that the upper edge thereof 
may coincide with the line which has the fame mark 
with the magnifier that is then ufed ; reflect the light 
from the concave mirror G to the (liver fpeculum, 
from which it will again be reflected on the object. 
The glafles are to be adj tilled to their focal di fiance 
as before directed. 

The apparatus confifts of a convex lens PI, to col- 
let the ravs of light from the fun or a candle, and 
coitdenfe them on the object- X J a cylindrical tube, 
.open at each fide, with a concave fpeculum ferewed ^o 
the lower end h. P the flider-holder : this confifts of a 
cylindrical tube. In which an inner tube is forced up- 
wards by a fpiral fpring ; it is ufed to receive an Ivory 
Aider K, which is to be (lid between the plates h 
and u The cylinder P fits the hole n in the ftage ; 
and the hollow part at /- is ddigned to receive a glafs 
tube. R is a brafs cone, to be put under the bottom 
of the cylinder P, to intercept occafionally fonre of 
the rays of light. 8 a box containing a concave and 
a flat glafs, between which a fmall living infedr may 
he confined : It is to be placed over the hole tu T 
a fiat gtafs, to lay any occafional objed upon ; there 
is alfo a concave one for fluids. O is a long fteel wire, 
with a fmall pair of pliers at one end, and a point at 
the other, defigned to ftick or hold objects ; it flips 
backwards and forwards in the fhort tube o ; the pin 
fits into the hole of the ftage. W a little round 
ivory box, to hold a fupply of talc and rings for the 
Aiders. V a fmall ivory cylinder, that fits on the 
pointed end of the fteel wire: It is defigned for opaque 
objects. Light -coloured ones are to be ft nek upon 
.the dark fide, and vice 'verfo. M a fifh-pan, whereon 
to fallen a fmall fifti, to view the circulation of the 
fclood : the tail is to be fpread acrofs the oblong hole 
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k at the fmall end, and tied fate, by means of n rib- Mftr 
band fixed thereto; the knob / Is to be feoved through — - 
the flit made in the ftage, that the tail may be brought 
under the magnifier. 

3* This microfcope has received lev era! material im- 
provements from Mr Martin, Mr Adams, $zc. By 
an alteration, or rather an enlargement, of the body of 
the tube which contains the eye -glades, and a]fo of die 
eye-glafi’es themfelves, the field of view is made much 
larger, the mirror below for reflecting light is made to 
move upon the fame bar with the ftage* by which means 
the difiance of it from the Ihge may be very eafily and 
fiuLably varied. A con denting gkte is applied under 
the ftage in the flider-holder, in order to modify and 
in create the light that Is reflected by the mirrors be- 
low from the light of a candle or lamp. It is furn fill- 
ed alfo with two mirrors in one frame, one concave 
and the other plane, of glafs filvered ; and by Amply 
un fere wing the body, the internment, when defired, may 
be convened into a Angle microfcope. Pig. 1 2. is a 
representation of the internment thus improved ; and 
the following is the deferipuon of it, as given by 
Mr Adams in his Effays. 

A B reprefents the body of the microfcope, con- 
taining a double eyc-ghite and a body-glafs ; It is 
here fhown as ferewed to the arm C D, from whence 
it may be occafionally removed, cither for the con- 
venience of packing, or when the internment is to be 
ufed as a Angle microfcope. 

The eye glafles and the body glafles are contained 
in a tube which fits into the exterior tube A B ; by 
pulling out a little this tube when the microfcope is 
in ufe, the magnifying power of each tens is increafed. 

The body A B of the microfcope is fupported by 
the arm C D; tills arm Is fixed to the main pillar C F, 
which is ferewed firmly to the mahogany peddlal 
G H ; there is a drawer to this pedeftal, which holds 
the apparatus. 

N I 8, The plate or ftage which carries the flider- 
holder K L: this ftage is moved up or down the pillar 
CF, by turning the milled nut M j this nut is fixed 
to a pinion, that works in a toothed rack cut on one 
fide of the pillar. By means of this pinion, the ftage 
may be gradually raifed or depreffed, and the object 
adjuteed to the focus of the different tenfes, 

IC L is a flider-holder, which fits Into a hole that 
'is an the middle of the ftage N I 8 ; it is ufed to con- 
fine and guide either the motion of the Aiders which 
contain the objects* or the glafs tubes that are defigned 
to confine fmall Gibes for viewing the circulation of 
the blood. The Aiders are to be paffed between the 
two upper plates, the tubes through the bent plates. 

L is a brafs tube, to the upper part of which is fijp- 
ed the eondenfmg lens before fp ok en of j it fits into 
the under part of the flider-holder K L, and may be 
tet at different d: fiances from the object, according to 
its di fiance from the mirror or the candle. 

O is the frame which holds the two reflecting mir- 
rors, one of which is planej the other concave. Thefe 
mirrors may be moved in various directions, in order 
to reflect the light properly, by means of the pivots 
on which they move, in the femicircle QJ> R, and the 
motion of the femicircle ittelf on the pin S : the con- 
cave minor generally an fivers belt in the day-time j 
the plane mirror combines better with the condenfing 
7 teus>. 
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Microfcope lene, and a lamp or candle. A t D there h a focket 

'“"“v for receiving the pin of the am Q_(fig. 31.), to which 

the concave fp ecu him, for reilefUng light on opaque ob- 
jects, u fixed. At S is a hole and flit for receiving either 
the nippers L (fig* 31. Pbeccl.) or the fifh-pan I; when 
thefe are ufed, the fiuter-holder mu if be removed, T* 
a hole to receive the pin of the convex fig. 31* 

To tife this microfcope : Take it out of the box* 
Screw the body into the round cud oF the upper parr 
of the arm C IX Place the brafs Aiders* which con- 
tain the magnifiers* into the dove-tailed flit which is 
ou the under fide of the a fore fa id arm, as feen at E, 
and Aide it forwards until the magnifier you mean 
fo ufe is under the centre of the body t oppofite to 
each magnifier in this flu there is a notch, and in 
the dove- tailed part of the arm C V) there is a fpring, 
which falls into the above-mentioned notch, and thus 
makes each magnifier coincide with the centre of the 
body. Pats the ivory fiider you intend to ufe between 
the upper plates of the Aider-holder KL* and then 
reflect as ftrong a light as you can on the object by 
means of one of the mirrors ; after this, adjuft the ob- 
jedfc to the focus of the magnifier and your e) e, by 
turning the milled ferew M, the motion of which raifes 
and deprt Acs the A age N 1 S, The degree of light 
receffary for each ot je£l, and the accuracy required in 
the a dj ailment of the lenfes to their proper focal di- 
Itance from the object will be eaiily attained by a little 
practice. 

When epaqnt obje£ls arc to be examined, remove 
the Aider-holder, and place the object ou a flat glafs, 
or fix it to the nippers L, the pin of thefe fit into the 
hole on the ftafge ; fefew the concave fpeculum R 
into the arm Qj iig. 31.), and thenpafs the pin of this 
arm through the locket 1), fig, i 2, the light is now 
to be reflected iroin the concave mirror to the fiber 
fpeculum, and From this down on the object. No 
exact rule can be given for reflecting the light 011 die 
object 5 we mull therefore refer the reader to the mo- 
ther of all aptnefs, practice. The fpeculum mull be 
moved lower or higher, to fuit the locus of the dif- 
ferent magnifiers and the nature of the object. 

The foregoing directions apply equally to the ufing 
of this inftrument as a fi&gh microfcope ; with this 
difference only, that the body AB is then removed, 
and, the eye is applied to the upper furface of the 
arm CD, exactly over the magnifiers. 

This microfcope is fome times made with the follow- 
ing alterations j which are fuppofed to make it Hill 
more convenient and ufeful. The arm Cl) that car- 
ries the body and magnifiers is made both to turn on 
a pin, and to Aide backwards and forwards 111 a focket 
at C ; fo that, infteud of moving the objects below on 
the ftage, and diflurbi rig them, the magnifiers are more 
conveniently brought over any part of the objects as 
defired. The cotsdenfing glafs Is made larger, and 
Aides upon the fquare bar CF quite diftimd ftom the 
ilage, like the mirrors below; and It h thereby made 
ufeful for any other objects that may be applied on 
ghfies fitted to the ftage, as well as thofe put into 
the Alder-hoMer K. It Is thereby not confined to 
■this ftage alone, as in the preceding* When the 
body AB is taken away, the arm CD may be fli pt 
Viway from its bar, with the magnifiers, and the for- 
ceps, wire, and joint, applied to it ; and It there- 
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by ferns the purpofc of a frnall hand Angle or opaque M'gm fcnpE 
micrufcope, for any objecl occafionally applied to this 
wire. The magnifiers in the Aider E are mounted in 
a wheel cafe> which perhaps prevents its being in the 
way fo much as the long Aider E before deferibed.— 

This contrivance is reprefen ted at X, fig* 1 2* 

4* M>:rtin y s Nc<w Univerfid Compound Microfcope — * 

This i nil rum cut was originally conftrudfed by the 
late Mr B. Martin, and intended to comprife all the 
v - fes and advantages of the Angle, compound, opaque, 
and aquatic microfcopcs. The following is a deferip- 
tion of it as now made, with a few alterations, chiefly 
fuggefted (we are told) by Mr Jones of Holborn* 

Fig. 13. Is a reprefentation of the inftrument placed pi ate 
up for life. A, 13 , C, D, is the body of the micro- CGXCIX, 
fcopc : which confifts of four parts, viz AB the eye- 
piece, or that containing the eye glades, and Is ferew- 
ed into C, which Is a moveable or Aiding tube 011 the 
top ; this inner tube contains the body-glafs fere wed 
into its lower part. D Is the exterior tube or cafe, 
in which the other flides up and down in an eafy and 
Heady manner. This motion of the tube C is ufeful 
to lucreafe or deer cafe the magnifying power of the 
body-glafs when thought ntfeeffary, as before mentioned. * 

E is a pipe 01 fhout fere wed on to the body of the mi- 
crofcope D, and at its lower part, over the feveral mag- 
nifying lenfes hereafter defer ibed. FGHI is the fquarc 
ftem of the microfcope, upon which the ftage R moves 
in an horizontal pofition, upwards or downward, by 
means of the fine rack work of teeth and pinion. K.L 
is a itrong folid joint and pillar, by which the pofition 
of the luftrument is readily altered from a vertical one 
to an oblique or to a perfectly horizontal one, as may be 
required: it 15 thus well adapted to the cafe of the ob- 
ferver either fitting or Handing ; and as it is very 
often convenient to view objects by direct mire fleet- 
ed light, when the fquare Item FI is placed in an 
horizontal pofition for tins purpofe, the mirror T 
is then to be taken off in order to prevent the obit ruc- 
tion of the rays. M Is a circular piece of brafs, Ha- 
ving as a baft to the pillar* NOP, the tripod or foot 
by which the whole body of the microfcope is flea- 
dily fupported; It folds up when packed into the cafe* 

W is a brafs frame, that contains the condenfing 
lens, and a£ts in conjunction with the large con- 
cave and plane mirrors below at T ; the reflected rays 
from which, either of the common light or of that 
of a caudle or lamp, it agreeably modifies, and makes 
fteady in the field of view. 

The particulars of the apparatus to this micro- 
fcope are as follow : Q_is a circular brafs bfrx* 
containing fix magnifiers or object lenfes, number- 
ed i, z, 3, 4, 5, 6 ; the digits of which appear fe- 
verally through a fmall round hole in the upper 
plate of it. To the upper fide is fixed a fmall circle 
of brafs, by which It is connected with, and ferew- 
ed into, the round end of the arm abed ; which is 
a long piece of brafs, and moves through either by 
teeth or pinion, or not, as may be deft red, In ef ; 
which is a focket on the upper part of the pillar, and 
admits, with a motion both eafy and fteady, the brafs 
arm, R is a fixed ftage, upon which the objects 
to be viewed are to be placed : it is firmly fatten- 
ed to the 1 qua re pillar, which is moved by the rack- 
work. In the middle is a large circular hole, for 
4X2 receiving 
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Mtcrnfc^je receiving concave glafles, with fluids, &c. it has alfo 
^ Hiding fprfng-frame to fallen down Hips of glafs 
or other things; at abc are three fmall fockets or 
holes, intended to receive Feveial parts of the appara- 
tus. S is the refradlor, or illuminating lens, for con- 
verging the fun's rays upon opaque objects laid upon 
the ilage 11 . To this purpofe it moves on a femi- 
circle upon a long fhankjf, in a fpring focket / j, in the 
arm / ; this arm moving everyway by a (lout pin k in 
the feeket a of the Aage. In this manner it is eafily 
adj uftcd to any portion of the fun, candle, &c.— 
‘ T, the rcfie£nng*gkifs frame, containing a concave 
and plane fpeculum, which is moved upon the fquare 
pillar by the hand. The ufe of it is to illuminate 
al] transparent obje&s that are applied to the llage 
above. 

Fig. 14. o' 7 r. is an auxiliary moveable ft age ; which 
by means of a pin / is placed in the hole a of the Aage 
R, and can be moved in an horizontal direction over 
the whole field of the Aage. I11 this if age, there are 
three circular holes with fhouldered bottoms ; a 
large one in the middle, and on each fide a fmall 
one, for the reception of the three following necelTary 
articles : n c 2. a watch -glafs to be placed in the large 
hole, to hold fluids containing animalcules, &e. ; a 
circular piece of ivory, n“ 3. one fide of which is black, 
the other white, to fupport opaque objects of different 
con trailed colours ; and circular plane and concave 
glaffes, n g 4. for extemporaneous tranfparent objects. — - 
The fame ufe is made of the other fmall hole as of 
the large one, only in a Idler degree, to receive fmall 
con cave ghffcs, plates, &c. 

N° 5.* is the filvered fpeculum, called a Liber khun^ 
which makes the jingle opaque microfeope, by being 
(die ha* brewed to the Aider abed (fig. 1 3.) in room of the box 
vuig been of lenfes and the body A E above it. The chief 
omitted by ufe of this is to view very fmall objects ftrongly ill ti- 
the engra- m j na ^ e< j near the compounded focus of the mirror 
T (fig. 13.) N 3 6. is the forceps or pliers, for 
lidding fuch kind of obje&s, and by which they 
can be applied very readily to the focus of the lens 
in the Kbcrkhun. They have a motion all ways by 
means of the fprmg focket a , the joint b, and the 
iliank c ; they are placed in the focket e of the fixed 
flage R (fig. 13.) N°7* is a fmall piece of ivory, 

to be placed upon the pointed end of the pliers : 
it Is black upon one fide, and white upon the other, 
to receive opaque objects, 

N° 8. is a llberkhun of a larger fize than that 
firft mentioned, with a hole in its centre ; this is 
ferewed into n°$* the hole a of a brafs ring, faf- 
ten ed to a long wire b ; which moves up and down 
in the fpring focket b of the llage R, in which it al- 
io moves fide ways ; and thus, with the body AE above, 
forms an aquatic compound microfeope for fhotving all 
forts of obje&s in water and other fluids placed under 
it in the watch*glafs n° 2. on the ftage. 

N c 1 1. is a cone, with a proper aperture a to ex- 
clude fuperflaous light, that would difturb a critical 
obfervation of a curious object ; it is placed on the 
under tide of the fixed ftage R. 

N° 12. is what is ufually called a bug-box, con fill- 
ing of a concave glafs with a plane one ferewed over 
it; by means of which a bug, loufe* flea 5 may be 
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■# Or that 

adiuii^hg 
to u c 3 . 


fe cured and viewed alive. It is to be placed on cither 
of the ftages R (fig. 13.), OY 1 (fig- 14.) 

13. is the fiih-pan. In the long concave body 
ah, a fifii may be fo confined by the ribband r, that 
the tranfparent tail may be in part over the flit or hole 
at a . In this Hate, it is placed on the ftage R, with 
the pin d in the hole c of the ftage, and moves free- 
ly and horizontally for viewing the circulation of the 
blood. See, 

N u 1 4, is the flider holder that is placed on the flage 
R : it receives the Aiders and tubes when filled with 
tranfparent objects, to be viewed either by the com- 
pound or fingle microfeope. 

N° 1 5. reprefents the ivory Aider, to hold the objects 
between the talcs as ufuah 

16. is a uleful auxiliary Aider framed in brafs. 
In this Aider fmall concave giafTes are cemented ; and 
a flip of plane glafs Aides over them; by which any 
fmall living object, as mites. Sc c. may be confined 
without Injury, and deliberately viewed. 

N p 17. reprefents a fetof glafs tubes, three in num- 
ber, one within another; they are uftful for fmall tad- 
poles, water-newts, eels, &c. when the circulation of 
the blood is to be viewed. There is a fmall hole at 
one end of each tube, that ferves to admit the air ; for 
when they are filled with water, the other end is flop- 
ped with a cork. 

18. is a fmall ivory box, containing fpare talcs 
and wires, to fupply the Aiders with occafionally. 

N^ 3 19. a brafs cell or button, containing a very 
fmall lens, properly fet between two fmall plates of 
brafs, that it may be brought very near to the objedt 
when viewed therewith as a fingle microfeope. This 
magnifier is ferewed into the lame hole as the wheel 
of fix magnifiers Qjtre (fig. 13). 

N D 20. is a lens, adapted to view and examine ob- 
jects, by magnifying them fufliciently, fo as to be able 
to apply them to the microfeope for infpedtion : on 
this account it is called the exphrator. 

The preceding are the chief articles of the appara- 
tus ; which, on account of their being fomewhat dif- 
ferent from what is applied to other microfcopes, we 
have been thus particular in deferibing. In ufing 
the microfeope, and while viewing objects by either 
the fingle or * round iuArument,the focal diftances 
of the magnit are made perfectly exad by turn- 
ing of the pi at the nut w, in one way or the 

other, very 6 _ in the teeth of the rack- work at 
X (fig. 13). 

It is necefihry that the centres of the objeA lenfea 
or magnifiers, the ftage, and the mirrors at bot- 
tom, Aiould all be in a right line in the axis of the 
microfeope, when opaque objects are to be viewed, . 
that are placed upon the ivory piece n u 7, or the for- 
ceps n° 6. and a A other fuch fort of obje&s which are 
placed In the centre of the ftage R, or Aider-holder 
n9 14; But when aquatic or living obje&s, which re* 
quire a great fpace to move in, are to be viewed, then 
the horizontal motion at ef (fig. 13.) is made ufe of, 
and the view may be extended laterally over the whole 
of the diameter of the obje£l or field of view ; and 
by putting the arm abed forward or backward in 
its focket ef) the view Is extended in the contrary 
dire&iou equally well ; and in this manner the whole 
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Microfcope 0 f the objects may be viewed without the lead dif- 
turbancc* 

As the brafs arm abed may be brought to the 
height of three or four inches above the ftage R ; fo, 
by means of the rack-work motion of the ftage, a 
Jens of a greater focal di dance than the greatell in 
the wheel Q^may be occafionatty applied in place of 
the wheel, and thereby the larger kind of objects be 
viewed ; the inllrument becomings in this cafe, what 
is called a mcgalqfhope. 

In viewing moving living objefts, or even fixed ones, 
when nice motions are requifite, a ruck- work and pi- 
nion is often applied to the arm abed: the arm is 
cut out with teeth ; and the pinion, as fliuwn at Y, 
is applied to work it. This ad £ hut in one direction; 
and, in order to produce an equal!} necefihry motion 
perpendicular to this, rack- work and pin on is applied 
tangent-wife to the ftage, which is tL;n jointed. 

What has been related above rcfpe the con fir ac- 

tion of thofe denominated parlour mter<' scopes, in con- 
tradiftlmrtion to thole which are port 1 de . their di«- 
mentions, however, have been considerably reduced 
by opticians, in order" to render them fit for the 
pocket ; and as they are for the molt pait conliru^ed 
on nearly the fame principles as thofe which have been 
already deferibed, what has been faid will fufficlently 
Inftrutf our readers in ufiug any pocket micro fcope 
whatever. Only it may be obferved, that in thofe re- 
duced inftruments, both the field of view and the mag- 
nifying power are proportion ably di muddied. 

We fhal! conclude the account of this fort of mi~ 
crofcope with deferiptions of a very portable pocket 
apparatus of microfcopic inftruments, and of a new mi- 
cro fc op ic pocket-tele fcope, both invented by the late 
Mr B. Martin, and ft nee made by moil inllrument- 
makers in London. 

The former is reprefented at fig. rj* It con* 
lifts of two parts, viz. the body a b 7 and the pe« 
deftal ik 7 which is joined by a ferew at the part be- 
tween b and i. It con fills of three cyliadric tubes, 
viz. (l.) the exterior tube, or cafe ab; (2.) a 
middle tube cb; and (3.) the interior tube fg . — 
The middle tube cd is tlic adj lifter j and is connected 
with the outer tube by the rack-work of teeth and pi- 
nion, as Ihowii at e : by which means it is moved up 
and down at pleafure through the fmalleft {pace, and 
carries with it the Internal tube f g* The interior 

tube fg receives on its lower part at b the fevcral cap- 
fules or boxes 2, 3, 4, 5, (fig. 16.) which contain the 
object knfes or magnifiers 

The method of ufmg this compound mi crofcope in 
the perpendicular pofition, is as follows. T he ftage 
is put within the exterior tube at b . Un- 
der the fp rings are applied the four ivory Aiders, 
which contain a variety of tranfparent objects ; then 
move the interior tube jg up and down with the hand, 
till you difeern the object in the flider, and there let 
it reft. After this, turn the pinion at e very tenderly 
one way or the other, till you obtain a perfect view 
of the tranfparent objects properly illuminated, from 
a mirror contained in the pedeftal or ftand i k y fuf- 
p ended upon, and moveable about, the points of 
two ferews (!JJ m N° 0 * (fig* 1 6* j/eprefent? a move** 


able ftage, which is placed in the fpring focket m * It Microfirjps' 

contains a concave glafs, for the reception of animal- 

clues In fluids ; and has the advantage of bringing any 

part into view by moving the handle at If living 

and moving objects are required to be fliown, they mult 

be confined in the concave, by putting a gkfs cover, 

n° 7. upon the ftagj ; and then a fmall fplder, a louft, 

Ilea, bug, &c. may be feen, and the motion or circu- 
lation of the blood, &c- obferved with furprlfing dl- 
ftinftntfs. 

To view the circulation of the blood in the molt 
eminent degree, it mull be done by placing fmall frogs, 
tadpoles, water-newts, fifties, &c. in a tube as reprefen t> 
ed n G 8. ( fig, 1 7. ) ; which tube is placed in the holes a 
in the oppofite tides of the cafe ah 7 fig. 15. in the lower 
part, — -N J 9. (fig. 1 6 , ) is a pair of pincers or pliers d 7 
for holding any objeft ; the other end of the fled wire 
is pointed to receive a piece of ivory b 7 with one end 
black, and the other white, on which you flick ob- 
jects of different hue : this alio, when ufed, is placed 
in the fpring locket m. 

To ufc this inftrument as a compound opaque, you 
ferew off the body part ub 7 and ferew to it the handle 
r (fig. t6.) ; by this means you may hold the micro- 
fc ope in a horizontal pofition, as fiiown In the figure. 

The diver diih or fpeculum (which is contained in the 
bottom 01 bale k y fig, 15), is then ferewed on at b . 

N° 9. is placed in the fpring- fockct m y and adjufted 
backward and forward in m 7 till the reflected light from 
the fpeculum falls in a proper manner on the opaque 
objeil. Either of the 4 magnifiers, 2, 3, 4, 5, may 
be ufed, and brought to a proper focus, as before de- 
feribed, by the tooth and pinion e (fig, 15,) If you take 
off the opaque apparatus, and apply the flags n Q 1 . (fig- 1 6 J 
with an ivory Aider, and at the end b ferew in either of 
the two lenfes, n° 10, (which are diftlngmlhcd by the 
n a m e of ill uminatora ) , the m i crofcop e bel n g h e Id u p to 
the light (and properly adjufted), the whole field of 
view will be ftrongly illuminated, and prefent a moil 
pleating appearance of any transparent object, Thefe 
two convex lenfes are of different focufes, and are to 
be ufed fingly or together ; n° 2. being the greateft 
magnifier, will require the object to be ftrongly illumi- 
nated, and of courfe both the lenfes mull be ufed to- 
gether. By candle-light, this method of viewing tranf* 
parent objects will prove very entertaining ; by fere wr- 
ing the handle r into the part r of n° lo* it becomes 
a delightful hand megala fcope for viewing flowers, FoF- 
fils, fiiells, &c. ; and each lens, as before mentioned, 
having a different focus, produces two magnifying 
powers ufed fingly, and when combined a third. 

The manner of nfing this inllrument as a fingle 
microfcope (like WilfonV) Is reprefented in fig. 1 7, 
where the button or magnifier at each is to he fere wed 
off, and the circular piece n 3 u. is ferewed in Its 
place. This piece has a fpring focket made to re* 
cel ve the flider holder n° 12. N* 13. is a circular 
piece of brafs, with a long lhank and fpring, and Is 
introduced through the outfide tube ab at/. N D 2, 3, 

4, 5, arc ferewed occafionally in the centre of this 
piece, and ufed as Angle lenfea with ivory Alders, See. 

N° 14* contains a lens of a great magnifying power, 
f n* viewing very minute objedls : to render this inftru- 
meat the mo ft complete fingle opaque microfcope, you 
have pidy to ferew into n° 13. the filver fpeculum 
- 8 
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'P« u" i f, which has a fin all lens fet in its centre. The 
Aider-holder 11 u i 2 is taken out of n J 11, and the pijicers 
or nippers being detached from the other part of 
n° 9. arc palled through the long ipriug focket n° 11. 
and ready to receive any opaque body in the pincers 
or on the black and white piece of ivory To the 
large fevew of if 1 3, arc applied the two lenfes n° 10, 
which make it the complete ft megalafeope that can be 
defircd. 

The handle r contains the four ivory Aiders with 
objects. 

The fhagreeen cafe which contains this unwerfal mi- 
cro feope and its apparatus, is fix inches long, three 
inches wide, two inches deep, and weighs together 16 
ounces. Thus fays Mr Martin) fa final! , fo light, 
lo portable, and yet fo uniyerfally complete, is this 
pocket microfcopie apparatus, that you find nothing 
material in the large three -pill a red microfcope, the 
opaque mic role ope, Wilfon’s fingle microfcope, and 
the aquatic microfcope, ah together, which you have 
not in this ; betide fome very c on fide r able advantages 
in regard to the field of view, &c* which they have 
not (a)/* 

This inventive art ill having contrived a conilnic- 
tion of the compound microfcope^ fo lmall as to ad- 
mit ot being packul in a common walking cane, 
thought next of introducing the fame inftrument into 
the in fide of what he called hi sPocktfThm-brafi drawer 
Achromatic Tdefcope. The fame eye-gla fifes that ferve the 
purpofe of a tekfeope, aufwer as the compound magni- 
fier, for viewing tranfparent and opaque objects in a 
microfcope. 

Fig. 18, 19, to reprefent the tekfeope feparated 
by un fere wing it at w, in order that the whole of 
the neceffary parts in ufe may be exhibited* Fig. 19. 
reprelcnts the exterior tube, which is of mahogany, 
and its rims of brafs. It is detached from the reft of 
the tekfeope, ns not making any part of the micro- 
fcope. The brafs cover i /, that flints np the objeft- 
glafs of the tekfeope, is alfo the box which contains 
the two-wheel object frames, and afmallplam refleft- 
ing mirror. 

In fig. 20. A is the cover taken off, by unferew- 
iag the top pait : The mirror B is taken out ; and alfo, 
by unferewing the bottom part, the two circular wheels, 
with the objeffs fliown in C and I), 

Fig. 18. is a re prefen tati on of the three internal 
brafs Hiding tubes of the tekfeope, which form the 
microfcopie part. The tubes are to be drawn out as 
ihown in this figure ; then, at the lower end of the 
large tube in the infide, is to be pulled out a fhort 
tube ht} that ferns as a kind of ftage to hold the 
wheels with objects, and fupport the reflecting mirror. 
This tube is to be partly drawn out, and turned fo 
that the circular hole that is pierced in it may coin- 
cide with a fimilar hole that is cut in the exterior tube. 


8 ] MIC 

This tube is represented aa drawn out in the figure i Mkrfiftftpfl 
and the mirror B placed therein, and the wheel ' 
with tran fpa ren t ohj e$ a. C ( fi g. 2 o . ) rep re fen U t lie 
wheel with tranfparent objedts, and I) the wheel with 
opaque objects. They are both made of Ivory $ and 
turn round upon a centre brafs pin flit upon the top, 
which fits upon the edge of the tube ; which tube 
is then to be pnfhed np into the tekfeope tube, fo 
that its lower end may reft upon the upper edge of the 
wheel accor ding to its view at a fig. 1 8. 

In viewing the objects, the fecond brafs tube of the 
tekfeope muft be pu filed down, till its milled edge at 
top falls upon that of the exterior tube ; taking care 
that the circular hole is duly placed to the exterior one. 

Thtfe circular holes are not feen in fig. 18. being 
fuppofed in the oppose fide, where the wheel is fixed. 

The adjuftment ior the locus is now only nccellary ; 
which is obtained by pufhing downwards or upwards 
the proper tube, till the object appear quite diilmet. 

In viewing tranfparent objeits, the inftrument may 
be ufed in two pofitions ; one vertical, when the light 
is to be reflected upon the object by the mirror ; the 
other, by looking up dtre&ly a gain ft the light of a 
candle, common light, Sc c. ; in which cafe the mirror 
muft be taken away. In viewing opaque objedts, the 
mirror is not ufed ; but as much common light as pof- 
iible muft be admitted through the cftcular holes hi 
the Hdes of the tubes. 

There is a fpare hole in the tranfparent wheel, and 
alfo one In the opaque, to receive any occafional objedi 
that is to be viewed. Any fort of objedfc what foe ver 
may be viewed, by only pulhing up the microfcope 
tube into its exterior, and bringing the full eye- tube 
to its focal diftance from the objedt. 

The brafs tubes are fo contrived, that they Hop 
when drawn out to the full length ; fi> that by 
applying one hand to the outiide tube, and the 
other to the end of the fmallcft tube, the tekfeope at 
one pull may be drawn out ; then any of the tubes 
(that next to the eye is belt) may be pulhed in gra- 
dually, till the mod diftindt view of the object be oh- " 
tained. 

The tubes all Hide through fhort brafs fpring tubes, 
any of which may be un fere wed from the ends of the 
Aiding tubes by means of the milled edges which pro- 
ject above the tubes, taken from each other, and the 
fp rings fet clear if required. 

III. Of Solar. Mkr&feopcs. 

This inftrument, in its principle, is eompofed of a 
tube, a looking-glafs or mirror, a convex lens, and 
Wfifon’s fingle microfcope before defcribed. The fun’s 
rays being refiedted through the tube by means of the 
mirror upon the objedt, the image or picture of 
the objedft is thrown diftlndly and beautifully upon 
a force 11 of white paper or a white linen Iheet, placed 

at 


(a) Notwithstanding the properties that have been aferihed to the above inftrument, and the praifes be- 
llowed upon it by fome, which induced us to admit fo minute a defeription j we muft apprife our readers, 
that it has been omitted in Mr Adams’s enumeration : and upon inquiry we learn, that it has fallen into 
neglect among the molt judicious opticians, being found too imperfeft to ferve the purpofes of feienee, and 
too complicated for the ufe of perfons who feck only entertainment. 
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^fkrofeopeat a proper diftance to receive the fame ; and may be 
magnified to a fit xe not to be conceived by tbofe 
who have not feen it : for the farther the fereen is re- 
moved, the larger will the object appear ; infomueh, 
that a lo ufe may thus be magnified to the length of five 
or fix feet, or even a great deal more ; though it is 
more diftindt when not enlarged to above half that 
iize 

The different forms in which the Solar Microfeope 
is eonftruCied, are as follow, 

I, i he old co ri fi r u ft to 1 1 is reprefen ted in fig, 2 t. A 
is a fqnare wodden frame, through which pals two 
long knows affifted by a couple of nuts i, i. By thefe 
it b fattened firmly to a window /butter, wherein a hole 
if? made for its reception \ the two nuts being let into 
the fhutter, and made fall thereto. A circular hole 
is made in the middle of this frame to receive the piece 
of wood B, of a circular figure ; whofe edge, that 
projects a little beyond the frame, cotnpofes a /hallow 
groove 2, wherein runs a catgut 3 ; which, bv twitt- 
ing round, and then c rotting over a brafs pulley 4, 
(the handle whereof 5, paffes through the frame), 
affords an eafy motion for turning round the circular 
piece of wood B, with all the parts affixed to it. C 
is a brafs tube, which, ferewmg into the middle of the 
circular piece of wood, becomes a cafe for the unco- 
vered brafs tube U to be drawn backwards or forwards 
in* L is a i mailer tube* of about one inch in length, 
cemented to the end of the larger tube IX 1 ? is 
another brafs tube, made to Hide over the above de- 
ferred tube E ; and to the end of this the microfeope 
mult be ferewed, when we come to ufe it* 5. a con- 
vex lens, whofe focus is about \2 inches, defigned to 
called: the fun's rays, and throw them more ftrongly 
upon the objed. G ii a looking-glafs of an oblong 
figure, fet in a wooden frame, fattened by hinges in 
the circular piece of wood B, and turning about 
therewith by means of the abovementioned cat-gut. 
H is a jointed wire, partly brafs and partly iron ; 
the brafs part whereof 6, which is flat, being fatten- 
ed to the mirror, and the iron part 7, which is 
round, patting through the wooden frame, enable the 
obferver, by putting it backwards or forwards, to ele- 
vate or deprefs the mirror according to the fun's alti- 
tude, There is a brafs ring at the end of the jointed 
wire 8, whereby to manage it with the greater cafe* 
The extremities of the cat-gut arc fattened to a brafs 
pin, by turning of which it may be Traced up, if at 
any time it becomes too Hack, 

When this microfeope is employed, the room mutt 
be rendered as dark as pofiible ; for on the darknefs 
of the room, and the brightnefs of the funihimr, de- 
pend the ttiarpfiefs and perfection of your image. 
Then putting the looktngvglafs G through the hole in 
your window -/butter, fatten the fquare frame A to the 
ih utter by its two ferews and nuts i, 1. This done, 
f adjuft your looking-glafs to the elevation and duration 
of the fun, by means of the jointed wire H, together 
with the cat-gut and pulley, 3, 4, For the fir ft of 
thefe ratting or lowering the glafs, and the other in- 
clining it to either fide, there refults a twofold mo- 
tion, which may eafily be fo managed as to bring the 
glafs to a right pofition, that is, to make it rtfiettt the 
inn's rays dsrc&ly through the lens 5, upon the paper 
Screen, and form thereon a fpot of light exadtly round. 


M I C 

But though the obtaining a perfect circular fpot of^l £n> f co r« 

light upon the fereen before you apply the micro- — — v~ * 

feu pe j is a certain p ro of that y o u r m i rr or 1 s adj oiled 

t ight, that proof unfit not always be expected : for the 

fun is fo low in whiter, that if it fhhie in a direct line 

again tt the window, it cannot then afford a fpot of 

light exactly round ; but if it be on either lide, a 

round* fpot may be obtained, even in December, As 

foon as this appear?, ferew the Lube C into the brafs 

col Ur provided foi it in the middle of your wood- work, 

taking care not to alter your look mg -glafs : then 

fere wing the magnifier you dinette to employ to the 

end of your microfeope in the ufual manner, takeaway 

the Tns at the other end thereof, and place a ttidet* 

containing the objects to be examined, between the 

thin brafs plates, as in the other ways of ufing the 

microfeope. 

Things being thus prepared, ferew the body of 
the microfeope over the fmall end E of the brafs tube 
F ; which flip over the fmall end E of die tube D, 
and pull out the fa id tube D le/s or marc as your ob- 
ject is capable of enduring the fun's heat. Dead ob- 
jects may be brought within about an inch of the 
locus of the convex lens 5 j but the di fiance mutt 
be /hortened for living creatures, or they will foon be 

killed- 

If the light fall not exactly right, you may eafily, 
by a gentle motion of the jointed wire and pulley, di- 
rect it through the axis of the microfcopic Lens. The 
fbort tube F, to which the microfeope is fere wed* 
renders It eafy, by Hiding it backwards or forwards 011 
the other tube E, to bring the objects to their focal 
di fiance ; which will be known by the ttiarpnefs and 
clear nefs of their appearance : they may alfo be turn- 
ed round by the fame means without being in the It all 
d i ford e red. 

Ike magnifiers mo ft ufeful in the folar microfeope 
are in general, the fourth, fifth, or fixth. The fereen 
on which the repre fen tat ions of the objects are thrown, 
h ufually eompofed of a fheet of the Jargelt elephant 
paper, (trained on a frame which /tides np or dentil, or 
turns about at plea fare on a round wooden pillar, af* 
ter the manner of fume fire* fereen s. Barger feigns 
may alfo be made of feveral /beets of the fame paper 
patted together on cloth, and led down from the ceil- 
ing with a roller like a large map. 

** This microfeope (fays Mr Baker) h the mott 
entertaining of any; and perhaps the mote capable- 
of making clifcoveries in objects that are not too 
opaque: as it /hows them much larger than can be 
done any other way. There are alfo feveral couve; 
niences attending it, which no other microfeope can 
have : for the ueakett eyes may ufe it without the 
leaft ft raining or fatigue : numbers of people together 
may view any object at the fame time ; and by point- 
ing to the particular paits thereof, and difeourii ag- 
on what lies before them, inay be able better to un- 
de rftand one another, and more likely to find out the 
truth, than in other micro fcopes 3 where they mutt ptep 
one after another, and perhaps fee the objedfc neither 
In the fame light nor in the fame po/itiom Thole 
alfo, who have no /kill in drawing, may, by this con*- 
tri vance, eafily iketch out the exaitt figure of any ob- 
ject they have a mind to preferve a picture of j fince 
they need only fatten a paper on the fereen, and trace: 
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-MiLToftope it out thereon either with a pen or pendU, as it ap- 
pears before them. It is worth the while of thofc who 
are deiirous of taking many draughts in this way, to 
get a frame, wherein a fheet of paper m:iy be put in 
or taken out at pleafure ; for it the paper be fingle, 
the image of an object will be feen almoffc as plainly 
011 the back as on the fore- fide ; and, by Handing be- 
hind the fereen, the fhade of the hand will not ob- 
ffru£l the light in drawing, as it mufl in feme degree 
when one Hands before it.” This eouftru&ion, how- 
ever, has now become rather obfolete, and is fuper- 
feded by the following. 

II. The improved Solar Mktofcope^ as ufed with the 
improved Jingle Microfcope. with teeth and pinion* Fig. 2 2 . 
reprefen ts the whole form of the Jingle microfcope ; the 
parts of which are as follows : A BCD the external 
tube; GH 1 K the internal moveable one; QM part 
of another tube within the lafl, at one end of which 
is fixed a plate of brafs hollowed in the middle, for re- 
ceiving the glafs tubes : there is alfo a moveable Hat 
plate, between which, and the fixed end of the fecond 
tube, the ivory Aiders are to be placed. L, a part 
of the mterofeope, containing a wire fpiral fpring, 
keeping the tube QM with its plates firm again ft the 
fixed part IK of the fccond tube. 

EF is the fmall rack-work of teeth and pinion, by 
which the tube IG is moved gradually to or from the 
end AB, for adjuHing the objects exadtty to the focus 
of different lengths. NO is a brafs flider, with fix 
magnifiers; any one of which may eafilv be placed be- 
foic the objedL It is known when either of the glaffes 
is in the centre of the eye- hole, by a fmall fp ring fall- 
ing into a notch In the fide of the flider, made againfl 
eachof the glaffea. Thofe parts of the apparatus, fig. 14* 
(Pl.ccxcix.) marked n° 15, 16, iy, 18, 19, 20, :i. and 
it. are made ufe of here to tl is microfcope, GH is a 
brafs cell, which holds an illuminating glafs for com 
verging the fun's beams or the light of a candle ltrong* 
ly upon the objects. The aperture of the glafs is made 
greater or kfs, by' two circular pieces ef brafs, with 
holes of different fizes, that are fere wed feparattly 
over the faid lens. But at times, obje6ta appear beft 
when the microfcopc is held up to the common light 
only, without this glafs. It is alfo taken away when 
the microfcope is applied to the apparatus now to be 
deferibed. 

Fig. 23. reprefents the apparatus, with the Angle 
microfcope fere wed to it, which con Hi tut es the Solar 
Microfcope . AB is the inner moveable tube, to which 
the Angle micro hope is fere wed. CD, is the exter- 
nal tube, containing a condenfmg convex glafs at 
the end D, and is fere wed into the plate EF, which 
is cut with teeth at its circumference, and moved by 
the pinion I, that is fixed with the plate GH. This 
plate is ferewed fall againil the window-ftmtter, or 
board fitted to a convenient window of a darkened 
room, when the infirument is ufed. KL is a long 
frame, fixed to the circular plate EF ; containing 
a look mg- glafs or mirror for refiefling the folar rays 
through the lens in the body of the tube D- O is a 
brafs milled head, fafiened to a worm orendlefs ferew; 
wvhich on the outfide turns a fmall wheel, by which the 
.reflecting mirror Mis moved upwards or downwards. 

In afing this mleiofcope, the fquare frame GH 
3* firil to be ferewed to the window ihutter^ and the 
21k 


room well darkened : which is beff done by cutting M : crofcope 
a round hole of the fixe of the moveable plate EF, ’"“"‘"V 1 4 
that carries the refie&or, in the wmdow-fhutter or 
board ; and, by means of two brafs nuts a a 7 let in* 
to the ihutter to receive the ferewa PF, when placed 
through the holes in the fquare frame GH, at the two 
holes QQj which will firmly fa Hen the microfcope to 
the !h utter, and is eafily taken away by only unferew* 
lug the ferews PP. 

The white paper fereen, or white cloth, to receive 
the images, is to be placed feveral feet diftant from 
the window : which will make the rep refen tat ions the 
larger in proportion to the diffance. The ufual dif- 
tances are from 6 to 1 6 feet. 

The frame KL, with its mirror M, is to be moved 
by turning the pinion I, one way or the other* 
till the beams of the fun’s light come through the 
hole into the room r then, by turning of the worm at 
O, the mirror mu ft be railed or depreffed till the rays 
become perfe&ly horizontal, and go Hraight acrofs the 
room to the fereen . The tube CD, with its lens at 
D, is now to be ferewed into the hole of the circular 
plate EF: by this glafs the rays will be converged to a 
focus 5 and from thence proceed diverging to the fereen, 
and there make a large circle of light. The fingle mi- 
crofcope, fig. 22. Is to be ferewed on to the end AB 
(fig- 2 3 ) °f the inner tube ; and the Aider NCh with 
either of the lenfes marked 1, 2, 3, 4, or 6, in the 
centre of the hole at the end AB. Tins Will occafion 
a circle of fight upon the fereen much larger than be- 
fore. The Aider or glafs -tube, with the objefta to be 
viewed, is to be placed between the plates at IK again ft 
the fmall magnifier, and moved at plcafure. By fhift- 
ing the tube A B In or out, you may place the object 
in fuch a part of the con denied rays as fhall be f effi- 
cient to illuminate it, and not fcoreh or burn it ; which 
will generally require the glafs to be about one inch 
diftant from the focus. It now remains only 10 adjuff 
the object, or to bring it fo near to the magnifier that 
its image formed upon the fereen fhall be the moff dif- 
tind; or perfect : and it is effected ‘by gently turning 
the pinion F, fig. 22, a fmall matter one way 01 the 
other. If the object be rather large in fixe, the leaft 
magnifiers are generally ufed, and vice verfa* 

N j 1. is the greateft magnifier, and n° 6, the Ieaft* 
in the brafs flider NO. But, if defired, fingle lenfes 
of greater magnifying powers are made : and they are 
applied, by being ferewed to the end A B, fig. 22. and 
the brafs flider N O is then taken away. 

The fame object may be rarioufly magnified, by the 
lenfes feverally applied to it ; and the degree of mag- 
nifying power is eafily known by this rule * As the dif- 
tance of the object h to that of its image from the magni- 
fier ; fo is the length or breadth of the objeli to that of the 
image. 

Inftead of the brafs Aiders with the lenfes NO* 
there is fometimes ferewed a lens of a large fizr, and 
longer focal difiance: the infirument Is then convened, 
into a megalaf ope ; and is adapted for viewing the 
larger kind of objeds contained in large Aiders, fuch 
as is represented at R. And, in the fame manner, 
fmall objects of entertainment, painted upon glafs like 
the Aiders of a magic kmthorn, are much magnified, 
and reprefented upon the fame fereen. 

Tht folar mlerofcopes juft deferibed arc capable^ on-* 
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Mr roftojx \y ^ f m a g m fy I rig tr an fpa re n t obj c &, 3 j fo r wh i eh j> i 1 r- 
* pole tile laft instrument is extremely well adapted. 
But as opaque objects form the mod confiderabk part 
of the curious collections in the works of art as well 
as nature, a folar microfcope for this purpofe was a 
long time wanted. — For feveral years previous to i 7743 
the late Mr Martin made feveral effays towards the 
eoiiflru< 5 tiou ot filch an inll rumen t ; and at la [L com- 
pleted one about the time juft mentioned* which he 
named* 

III. The Opaque Solar Microfcope . With this in- 
ilrument (to ufe his own words) all opaque object e, 
whether of the animal* vegetable, or mineral king- 
dom, may be exhibited in great perfection, in all their 
native beauty : the lights and (hades, the prominences 
and cavities, and all the varieties of different hues, tints, 
and colours ; heightened by reflection of the folar rays 
con den fed upon the m . 7 * — T ranf parent ob/eSts are alfo 
fhown with greater perfection than by the common 
fdar rmcrofeope. 

Fig. 24. rtprefents the folar opaque microfcope, 
mounted for exhibiting opaque objects. 

Fig. 25. is the Angle tooth-and-pinion microfcope, 
as before, which is ufed for flunvmg tranfparent ob- 
ic'is ; the cylindrical tube Y thereof being made to fit 
into the tube FE of the folar microfcope. 

ABCDEF, (fig. 24.) reprefenta the body of the 
folar microfcope ; one part thereof, A BCD, is coni- 
cal ; the other, CDEF, is cylindrical. The cylindri- 
cal part receives the tube G of the opaque box, or the 
tube Y of the Angle niicrofcope. At the large end 
AB of the conical part, there is a lens to receive the 
rays from the mirror, and refract them towards the 
box H 1 KL. NOP is a brafs frame ; which is fixed 
to the moveable circular plate a be : in this frame there 
is a plane mirror, to reflect the folar rays on the afore- 
mentioned lens. This mirror may be moved Into the 
moil convenient pohtion for reflecting the light, by 
means of the nuts Q^and R. By the nut QJt may be 
moved from tail to weft ; and it may be elevated or 
deprcfled by the nut R. d r, Two ferewa to fallen the 
microfcope to a windQw*fhutter. The box for opaque 
, objects is reprelented at HIKE : it contains a plane 
min or M, for reflecting the light which it receives from 
the large lens to the object, and thereby illuminating 
It ; S is a ferew to adjuft this mirror, or place it at a 
proper angle for reflecting die light. VX, two tubes 
of brafs, one Aiding within the other, the exterior one 
in the box HIKE; thele carry the magnifying lenfea : 
the interior tube is fomet lines taken out, and the ex- 
terior one is then ufed by itfelf. Part of this tube may 
be feen in the plate within the box HIKE, At H 
there is a brafs plate, the back part of which is fixed 
to the hollow tube in which there is a fpiral wire, 
which keeps the plate always bearing againll the fide 
H of the brafs box HIKE, The Aiders, with the 
opaque obj cCls, pafs between this plate and the fide of 
the box ; to put them there, the plate is to he drawn 
back by means of the nut g : ik is a door to one fide of 
the opaque box. The foregoing pieces con ll i tut e the 
feveral parts necefiary for viewing opaque objects. We 
fhall now proceed to deferibe the Angle microfcope, 
which is ufed for tranfpaient obj efts : but in order to 
. examine thefe, the box HIKE mult be firft removed, 
Vox,. XI. Part IE 


and in its place wc mud infert the tube Y of the Angle M 
microfcope that we are now going to deferibe. 

Fig. 25. reprefents a large tooth -anti-pinion micro- 
fcope 1 at m, within the body of this microfcope, are 
two thin plates, that are to be feparated, in order to 
let the ivory Aiders pads between them; they are pref- 
ixed together by a fpiral jQxring, which bears up the 
under plate, and forces it agaiidl the upper one. 

The flider S (under fig. 24,), vrlikh contains the 
magnifiers, fits into the hole n ; and any of the magni- 
fiers may be placed before the object, hy moving the 
afore fa Id flider: when the magnifier is at the centre of 
the hole P, a fmall fpring falls into one of the notches 
which is on the fide of the Aider, 

Under the plate m are placed two lenfes, for en- 
larging the field of view on the fcrcen : the 1 mailer of 
the two is fixed in a piece of brafs, and is marefi the 
plate m ; this is to be taken out when the magnifiers, 
N°4* 5, or 6, are ufed, or when the megalafcope lens 
T (fig. 24.) ia ufed ; but f s to be replaced, for N" 1,2,?* 

This microfcope is adjufted to the focus by turning 
the milled nut O. 

To ufe the folar microfcope : — Make a round hole 
in the wind ow-i hut ter, a little larger than the circle 
abc ; pafs the mirror ONP through this hole, and 
apply the fquare plate to the fli utter ; then mark 
with a pencil the places which conrei’pond to the two 
holes through which the fertw is to pafs ; take away 
the microfcope, and bore two holes at the marked 
places, fufficicntly large to kt the milled ferews de pul's 
through them. 

The ferews are to pafs from the outfide of the fhut- 
ter, to go through it ; and being then fere wed into 
their refpeCtive holes in the fquare plate, they will, 
when fere wed home, hold it fall again ft the in fide of 
the finitter, and thus fupport the microfcope. 

Screw the conical tube A BCD to the circle a bc t 
and then Aide the tube G of the opaque box into the 
cylindrical part CD EF of the body, if opaque objeft* 
are to be examined; but if they be tranfparent objects 
you mean to fhow, then place the tube Y within the 
tube CDEF. 

The room is to be darkened as much as pofilble, 
that no light may enter but what pafies through the 
body of the microfcope ; for, on this circurw fiance, 
together with the brightness of the fun fhine, the per- 
fection and diftinFtnefs of the image in a great meafure 
depend. 

When the microfcope is to be ufed for opaque ok* 
jeCts, 1. Adjuft the mirror NOP, fo as to receive the 
folar rays, by means of the two finger ferews or nuts* 
Q^R ; the firft, Q^, turns the mirror to the right or 
leit ; the fecond, R, raifes or deprefles It : this you 
are to do till you have reflected the fun’s light through 
the lens at AB ftrongly upon a fereen of white paper 
placed at fome diftance from the window, and formed 
thereon a round fpot of light. An unexperienced ob- 
ferver will find it more convenient to obtain the light 
by forming this fpot before he puts on either the 
opaque box or the tooth-and-pinlon microfcope. 

Now put in the opaque box, and place the objedt 
between the plates at H \ open the door Ik, and ad- 
juft the mirror M till you have illuminated the object 
ftrongly. If you cannot effect this by the ferew ft, 

4 Y you 
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Mkrofcopeyou nuift 4nove the {crews Q, R, in order to get the 
light reflected ftrongly from the mirror NOP, or the 
minor M, without which the latter cannot illuminate 
the object. 

The obj eft being ftrongly illuminated, flint the door 
i i, and a diftinft view of the object will foon be 
obtained on your fcreen, by adj idling the tubes VX, 
which is dTefted by moving them backwards or for* 
wards* 

A round fpot of light cannot always be procured in 
northern latitudes, the altitude of the fun being often 
too low ; neither can it be obtained when the fun is 
direftly perpendicular to the front of the room* 

As the fun is continually changing its place, it 
will be neceffkry, in order to keep his rays full upon 
the objeft, to keep them continually directed thro’ the 
axis of the mftrument, by the two ferews Qand R. 

To view tran/paroii objeft?, remove the opaque box, 
and infert the tube Y, fig* 25* in its place $ put the 
Aider S into its place at tt f and the Aider with the ob- 
jects between the plates at m; then adjuft the mirror 
NOP, as before directed by the ferews R, fo that 
the light may pafs through the object j regulate the 
focus of the magnifier by the ferew O. The moil 
pleafing magnifiers in ufe are the Fourth and fifth. 

The fize of the object may be increafcd or dlmi* 
infhed, by altering the diftance of the fcreen.from the 
niicrofcope ; five or fix feet is a convenient diftance. 

To examine tran {parent objeft s of a larger fize, or 
to render the inftmment what is ufually called a mega- 
lafcopCi take out the Aider S from its place at r/, and 
ferew the button T (fig* 24*) into the hole at P* fig* 25. 
and remove the gkfs which is under the plate at m , 
Emd regulate the light and focus agreeable to the fore- 
going directions* 

N. B. At the end of the tube C there is a lens for 
incrcating the denfity of the rays, for the purpoK of 
burning or melting any combllftlble or fufible fit fi- 
nance 1 this lens mull be removed in moil cafes, left 
the objeft a Aiould be burnt* The intenfity of the 
light is alfo varied by moving this tube backwards or 
forwards* 

Apparatus of the Opaque Solar Microfcope . — The large 
fquare plate and mirror ; the body off the microfcope; 
the opaque box and its tube; the itooth-and* pinion 
microfcope ; the Aider with the magnifiers ; the me* 
galafeope magnifier; the two ferews J and e ; fomc 
jvorv Aiders; fomc Aiders with opaque tibjefts > a brafs 
frame, with a bottom of foft deal to hick any object on ; 
a brafs cylinder E for confining opaque ob- 

jects. 

IV. fbz Cjmmra Gs&cvra, or Lucernal, Mur of cope. 

— The great facility with which objefts can be re pre- 
fen ted on paper or a rough ghfs in the camera obfeura, 
and copies drawn from them by any perfon though 
unbilled in drawing, evidently fuggeited the applica- 
tion of the mlcrofcope to this inftrument* The great* 
eft number of experiments that appear to have been 
made with this view, were by the late Mr Martin and 
Mr Adams ; the former of whom frequently applied 
the microfcope to the portable camera, and with much 
effeft and entertainment* But thife inftruments being 
found to anfwer only with the affiftance of the fun, 
Mr Adams direfted his- experiments to the con ft rue* 


tion of an inftrument of more extended utility, which Mter^feope 
could be equally employed In the day-time and by — -y— ^ 
night* lie accordingly fucceeded fo far as to pro* 
duee, by candk-Iighf* the images of objects refrafted 
from a Angle magnifier upon one or two large convex 
lonfea (of about five inches or upwards in diameter), 
at the end of a pyramidal fhaped box, in a very plea- 
ling and magnified appearance, fo as to give opaque 
objects as well as t ran (parent ones the utmoft di ItiniSt- 
nefs of representation: t^w=U- flili the light of a candle 
or lamp was found generally tnfttfficfcnt to throw the 
requiiitc degree of illumination upon the objects* The 
invention of what is called Argand's lamp , within thcie 
few years offered a complete ie acted y for this deteft, by 
the intenfity and fteadmefs of its light* This did not 
efcape the prefent Mr Adams (fon of the former), 
who immediately applied it ; and who had like wife fo 
altered and improved his father’s inftrument, both in 
conftraftion and form, as to render it altogether a 
different one, and far more perfect and ufeful* 

The advantages and proper ties of this excellent- 
ly conceived mftrument are numerous and import- 
ant. “ As the far greater part of the obj efts which 
furroimd us are opaque (fays our author), and very 
few are fufficiently tranfparent to be examined by the 
common microfcopes, an In ftrn merit, that could be 
readily applied to the examination of opaque object 
has always been a ddideratum. Even hi the exami- 
nation of transparent obj efts, many of the fine and 
more curious portions are loft, and drowned, as it were, 
in the light which mult befranfmitted through them ; 
while different parts of the fame obj eft appear only 
as dark lines or fpots, becaufe they arc fo opaque a* 
not to permit any light to pafs through them. Theft: 
difficulties, as well as many more, are obviated in the 
lucernal microfcope ; by which opaque objefts of va- 
rious fizes may be feen with cafe and diftinftmeft : the 
beautiful colours with which molt of them are adorn- 
ed, arc rendered meue brilliant, without changing in 
the leaft the real tint of the colour ; and the concave 
and convex parts retain alio their proper form. — 'The 
facility with which all opaque obj efts arc applied to 
this mftrument, is another confiderabie advantage, and 
aknoft peculiar to itfelf ; as the texture and configu- 
ration ot the more tender parts are often hurt by pre- 
vious preparation, every objeft may be examined by 
this inftrument, fir 11 as opaque, and afterwards (if the 
texture will admit of it) as tranfpa rent— The lucer- 
nal microfcope does not in the leaft fatigue that eye ; 
the objeft appears like nature itfelf, giving cafe to the 
fight and pleafure to the mind : there is alfo, in the 
ufc of this inflrument, no occafion to Unit the eye 
which is not direfted to the objeft. A further ad- 
vantage peculiar to this microfcope is, that by it the 
outlines of every objeft may he taken, even by thofe 
who are not accuftomed to draw ; while thofe who 
can draw well will receive great alfiftance, and execute 
their werk with more accuracy and in lefts time than 
they would otherwife have been able to have perform- 
ed it. Transparent objeftfr-afi well as opaque may be 
copied in the lame manner. The inftrumerit may be 
ufed at any time of the day, but the heft effirft is by 
night ; in which refpeft it has a fuperiority over the 
folar microfcope, as that mftrument can only be ufed 
when the fun i Lines* 


Tran- 
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Mkrafcope Tranfperent obje£ls may be examined with the lu- 

* v — cernal microfcope in three or four different modes, 

from a blaze of light almoft too great for tire eye to 
hear, to that which is perfeftly eafy to it : And by 
the addition of a tin lanthorn to the apparatus, may 
be thrown on a fereen, and exhibited at one view to 
a large company, as by the folar mlreofcope* 

We fliali now proceed to the defeription of the hi- 
flmment and apparatus as given by Mr Adams* 

Fig* 2 6. reprefen ts the improved Lucemal Mlcroft'ope y 
mounted to view opaque obje&s. A BCD is a large 
mahogany pyramidal box, which forms the body of 
the microfcope ; it is fupported firmly on the brafs 
pillar FG, by means of the focket H and the curved 
piece IK* 

LMN is a guide For the eye, in order to direct it 
in the axis of the lenfes ; it confifts of two brafs tubes, 
one Aiding within the other, and a vertical flat piece, 
at the top of which is the hole for the eye* The outer 
tube is feen at MN, the vertical piece is reprefented 
at LM. The inner tube may be pulled out, or pufh- 
ed in, to adjuil it to the focus of the glades. The 
vertical piece may be ralfed or depreffed, that the hole, 
through which the obje£l is to be viewed, may coin- 
cide with the centre of the Field of view ; it is fixed by 
a milled ferew at M, which could not be fliown in this 
figure. 

At N is a dove tailed piece of brafs, made to re- 
ceive the dove-tall at the end of the tubes MN, by 
which it is affixed to the wooden box ABODE. The 
tubes MN may be removed from this box occafionaliy, 
for the convenience of packing it up in a lefs com- 
pafs. 

OP, a fmall tube which carries the magnifiers. 

O, one of the magnifiers; it is fere wed into the end 
of a tube, which Aides within the tube P ; the tube 
P may be tmferewed occafionaliy from the wooden 
body. 

QRSTVX, a long fquare bar, which paffes through 
the fockets YZ, and carrries the flage or frame that 
bolds the objects ; this bar may be moved backward 
or forward, in order to adjuil it to the focus by means 
of the pinion which is at a. 

by A handle furnifhed with an imiverfal joint, for 
more conveniently turning the pinion* When the 
handle is removed, the nut (fig. 27.) may be ufed in 
us fit ad. 

rfe, A brafs bar, to fupport the curved piece KI, 
and keep the body AB firm and ileady. 

fghl 7 The flage for opaque objects: it fits upon 
the bar QRST by means of the focket hi 7 and is 
brought nearer to or removed farther from the mag- 
nifying lens by turning the pinion a: the objects are 
placed in the front fide of the flage (which cannot be 
&en in this figure) between four fmall brafs plates ; 
the edges of two of thefe are feen at £4 The two 
upper pieces of brafs are moveable ; they are fixed to 
a plate, which is a£ted on by a fpiral fpring, that 
pveffes them down, and confines the Aider with the 
objects: this plate, and the two upper pieces of brafs, 
are lifted up by the fmall nut in. 

At the lower part of the flage, there is a femicircu* 
lar lump of glafs which Is defigned to receive the 
light from the lamp, fig. 29. and to collet and throw 
,it on the concave mirror o 7 whence It is to be reflected 
on the object. 
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The upper part fgrs (fig* 2 6.) of the opaque flage 
takes out, that the flage for tranlparent objects may ,J - 

be infer Led in its place. 

Fig, 28. reprefents the flage for tranfparent obje£ls; 
the two kgs 5 and 6 fit into the top of the under 
part rsbi of the flage for opaque objects; 7 is the 
part which confines or holds the Aiders, and through 
which they are to be moved ; 9 and 10 a brafs tube, 
which contains the lenfes for condenfing the light, and 
throwing it upon the object { there is a fecond tube 
within that, marked 9 and io, which may be placed 
at different diftances from the object by the pin 1 1. 

When this flage is ufed as a Angle microfcope, 
without any reference to the lucernal, the magnifiers, 
or objeft lenfes, are to be ferewed into the hole 12, 
and to be adjuiled to a proper focus by the nut 13, 

N. B. At the end AR (fig id.) of the wooden body 
there is a Aider, which Is reprefented as partly drawn 
out at A: when quite taken out, three grooves will 
be perceived; one of which contains a board that forms 
the end of the box ; the next contains a frame with a 
greyed glafs ; and the third, or that fartheilfrom the 
end AB, two large convex lenfes. 

Fig* 29* represents one of Argand’s lamps, which 
are the moll fuitable for microfcopic purpofes, on ac- 
count of the clearness, the intenfity, and the fleadineis 
of the light. The following account of the method 
of managing them, with other obfervations, is copied 
from an account given by Mr Parker w ith thofe he 
fells. 

The principle on which the lamp ads, confifts in 
difpofing the wick in thin parts, fo that the air may- 
come into conta^b with all the burning fuel ; by which 
means, together with an increafe of the current of air 
occafioned by rarefaction in the glafs tube, the whole 
of the fuel is converted into flame. 

The wicks are circular ; and, the more readily to 
regulate the quantity of light, are fixed on a brafs col- 
lar, with a wire handle, by means of which they arc 
ralfed or depreffed at pkafure* 

To fix the wick on, a wooden mandril is contrived, 
which is tapered at one end, and has a groove turned 
at the other. 

The wick has a felvage at one end, which is to be 
put foremoft on the mandril, and moved up to the 
groove ; then putting the groove into the collar of 
the wick-holder, the wick is eafily puflied forward 
upon it. 

The wick-holder and wick being put quite down in 
their place, the fpare part of the wick fhould, while 
dry, be fet a-light, and fufFered to burn to the edge 
of the tubes ; this will leave it more even than by 
cutting, and, being black by burning, will be much, 
eafier lighted 1 for this reafon, the black fhould never 
be quite cut off. 

The lamp fhould be filled an hour or two before it 
is wanted, that the cotton may imbibe the oil and 
draw the better* 

The lamps which have a refervoir and valve, need 
no other direction for filling than to do it with a pro- 
per trimming pot, carefully obferving when they are 
full ; then pulling up the valve by the point, the re- 
fervoir, being turned with the other hand, may be re- 
placed without fpilllng a drop. 

Thofe lamps which fill in the front like a bird- foun- 
tain, mull be reclined on the back to fill; and this 
4Y 2 fhould 
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crofcope 


fhould be done gently, that the oil in the burner may 
return into the body when fo placed and filled : if, by 
being too full, any oil appears above the guard, only 
move the lamp a little, and the oil will difappear j the 
lamp may then he placed eredt, and the oil will flow 
to its proper level. 

The oil mud be of the fpermaeeti kind, commonly 
czfled chamber-oil, which may generally be diftingnifh- 
td by its palenefs, tranfparency, and inofFenfive feent: 
all thofe oils which are of a red and bro\vn colour, 
and of an offenfive feent, (hould be carefully avoided, 
as their glutinous parts dog the lamp, and the impu- 
rities in fuch oil, not being inflammable, will accumu- 
late and remain in the form of a cruft on the wick. 
Seal oil Is nearly as pale and fweet as chamber oil ; 
but being of a heavy fluggilh quality, is not proper 
for lamps with fine wicks. 

Whenever bad oil has been ufed, on changing it, 
the wick mull alfo be changed ; becaufe, after having 
imbibed the coarfe particles in its capillary tubes, it 
will not draw up the fine oil. 

To obtain the gresteft degree of light, the wick 
fhould be trimmed exa£Uy even, the flame will then be 
completely equal* 

There will be a great advantagein keeping the lamp 
clean, efpecially the burner and air- tubes ; the neglect 
of deanlinefs in lumps is too common : a candleftick 
is generally cleaned every time it is ufed, fo fhould a 
lamp ; and if a candleftick is not to be objected to be- 
caufe It does not give light after the candle is ex- 
ha Lifted, fo a lamp ihould not be .thought ill of, if it 
does not give light when it wants oil or cotton ; 
but this laft has often happened, becaufe the deficiency 
is lei's vifible. 

The glafs tubes are beft cleaned with a piece of 
wafti leather. 

If a fountain-lamp is left partly filled with oil, it 
may be liable to overflow ; this happens by the con- 
traction of the air when cold, and its expanfion by 
the warmth of a mom, the rays of the fun, or the 
heat of the lamp when re-lighted ; this accident may 
be effectually prevented by keeping the refervoir filled, 
the oil not being fubjeft to expansion like air. On 
this account, thofe with a common refervoir are bell 
adapted for microfcopic purpofes, 

*To examine Opaque Objects with the Luctrnnl Micro-* 
fcapf . To Tender the nfe of this inftrnment eafy, it is 
tifually packed with as many of the. parts together as 
poffible : It occupies on this account rather more room, 
but is much lefs embarraffing to the obferver, who has 
only three parts to put on after it is taken out of its 
box, namely, the guide for the eye, the ft age, and the 
tube with its magnifier. 

But to be more particular : Take out the wooden 
ibder A (fig. 26.), then lift out the cover and the 
grey glafs from their refpofrive grooves under the 
wider A. 

Put the end N of the guide for the eye LMM into 
its place, fo that it may ftand in the pofition which is 
rep relented in this figure. 

Place the focket which is at the bottom of the 
opaque ftage, on the bar Q_X T, fo that the concave 
mirror 0 may be next the end DE of the wooden 
body* 


Screw the tubes PO into the end DE. The mag- Mkrofcop 4 
nifier you intend to ufe is to be ferewed on the end 0 ^ v “ ■ J 
of thefe tubes. 

The handle G£, or the milled nut fig. 2 7* muft be 
placed on the fquare end of the pinion a . 

Place the lamp lighted before the glafs lump rc, 
and the object you intend to examine between the 
fp ring-plates of the flag e ? and the inftrument is ready 
for ufe. 

In all nucrofcopes there are two circum fiance* which 
muft be particularly attended to: firft, the modifica- 
tion of the light, or the .proper quantity to illuminate 
the objed j fecondly, the idjuftment of the inftrnment 
to the focus of the gtaffes and eye of the obferver. 

In the ufe of the lucernal microfcope there is a third 
circumftance, which is, the regulation of the guide 
for the eye, 

1. To throw the light upon the objeft. The flame 
of the lamp is to be placed rather below the centre of 
the glafs lump n f and as near it as polfible ; the con- 
cave mirror© muft be fo inclined and turned as t<* 
receive the light from the glafs lump, and refle£fc It 
thence upon the objed ; the beft fituation of the con- 
cave mirror and the flame of the lamp depends on a 
combination of circumftances, which a little practice 
will difeover. 


2. To regulate the guide for the eye, or to place the 
centre of the eye-picce L fo that it may coincide with 
the focal point of the lenfes and the axis of vifion 1 
Lengthen and fhorten the tubes MN, by drawing out 
or pufhmg in the inner tube, and railing or deprefling 
the eye-piece ML, till you find the large lens (which 
is placed at the end A B of the wooden body) filled by 
an uniform field of light, without any prifmatic colours 
round the edge j for till this piece is properly fixed* 
the circle of light will be very fmall, and only occupy 
a part of the lens ; the eye muft be kept at the centre 
of the eye-piece L, during the whole of the opera- 
tion ; which may be rendered fomewhat eafier to the 
obferver, on the firft nfe of the mftrument, if he hold 
a piece of white paper parallel to the large lens, re- 
moving it from or bringing it nearer to them till he 
find the place where a lucid circle, which he will per- 
ceive on the paper, is brightdl and moft diftinft ; then 
he is to fix the centre of the eye-piece to coincide with 
that fpot; after which a very fmall adjuftment will 
fet it pcrfeftly right. 

3. To adjuft the lenfes to their focal diftance. Thia 
is effected by turning the pinion a % the eye being at 
the fame time at the eye.piece L The grey glafs 
is often placed before the large lenfes, while regulating 
the guide for the eye, and adjuft ing for the focal dL 
itance. 

If the obferver. In the procefs of his examination of 
fin object, advance rapidly from a fhallow to a deep 
magnifier, he will fave himfelf fome labour by pulling 
out the internal tube at t). 

The upper part/* rs of the ftage is to be raifed or 
lowered occafionally, in order to make the centre of 
the objedf coincide with the centre of the lens at O. 

To delineate objects, the grey glafs muft be placed 
before the large lenfes ; the picture of the object will 
be formed on this glafs, and the outline may be accu- 
rately taken by going over the picture with a pencil. 

The 
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rrofeope The opaque pan may be ufed in the dav-time with 
out a lamp, provided the large lenfes at AB are fcreen- 
ed from the light. 

To ufe the 1 Mccrnal Mkrofiope in the examination of 
Trarf parent OljeBs* The inftruinent h to remain as 
before : the upper par tfgs of the opaque ft age muft 
be removed, and the ft age for tranfparent objects, re- 
prefented at fig. 2ft. put in its place ; the end 9 10 
to he next the lamp* 

Phcc the greyed glafs in its groove at the end AB, 
and the objects in the Aider holder at the front of the 
ft age ; then tranfmit as ftrong a light as you are able 
on the objedt, which you will eafily do by railing or 
lowering the lamp. 

The objedl will be beautifully depidted on the grey 
glafs : it mufl be regulated to the focus of the magni- 
fier, by turning the pinion a . 

The object may be viewed either with or without 
the guide for the eye. A fmgle ohferver will fee an 
object to the greatest advantage by idling this guide, 
which is to be adj ufted as we have deferibed above. 
If two or three wifh to examine the object at the fame 
time, the guide for the eye mull be laid afide. 

Take the large lens out of the groove, and receive 
the image on the grey glafs ; in this cafe, the guide 
for the eye is of no ufe : if the grey glafs be taken 
away, the image of the objedl may be received on a 
paper fereen. 

Take out the grey glafs, replace the large lenfes, 
and ufe the guide for the eye ; attend to the forego- 
ing directions, and adjuft the object to its proper fo- 
cus. You will then fee the objeil in a blaze of light 
almoft too great for the eye, a circum fiance that will 
be found very ufeful m the examination of particular 
objects. The edges of the objedl in this mode will be 
fame what coloured : but as*it is only ufed in this full 
light for oceafional purpofes. It has been thought bet- 
ter to leave this fmall imperfection, than, by remedying 
it, to facrifice greater advantages; the more fo, as this 
fault is eafily corrected, and a new and interefting 
view of the object is obtained, by turning the inilru- 
ment out of the diredt rays of light, and permitting 
them to pafs through only in an oblique direction, 
by which the upper furface is in feme degree illu- 
minated, and the object is feen partly as opaque, part- 
ly as transparent* it has been already obferved, that 
the tranfparent objects might be placed between the 
Aider- holders of the flage for opaque objedb, and then 
be examined as if opaque* 

Some tranfparent obje&s appear to the great eft; ad' 
vantage when the lens at 9 10 is taken away; as, by 
giving too great a quantity of light, it readers the 
edges lefs fharp* 

The variety of views which may be taken of every 
©bjeft by means of the improved lucernal micro! cope, 
will be found to be of great ufe to an accurate ob Ter- 
ser ; it will give him an opportunity of correcting or 


confirming his difeoveries, and tnveftigmting thofe parts Micr ofcg|p 
in one mode which are invifible in another, ~ 1 * 

To throw the image of tranfparent oLjeHe on a fereen 3 
as in the folar mkrtfeope* It has been long a micro- 
fcopical defideratum* to have an inftrument by which 
the image of tranfparent objects might be thrown on 
a fereen, as in the common folar micro fi*op c : and this 
not only beta ufe the fun is fo uncertain In this cli- 
mate, and the ufe of the folar microfcope requires 
confinement in the lineft part of the day, when time 
feldom hangs heavy on the mind ; but as it alfo affords 
an increafe of plea fu re, by difplaying its wonders to 
feveral per fens at the fame iniiant, without the kail 
fatigue to the eye. 

This purpofe is now effe&ually anfwcred* by affix- 
ing the tranfparent ilage of the lucernal to a lan thorn, 
with one of Argand’s lamps.— The bmp is placed 
within the lan thorn, and the end 9 io of the tranf- 
parent ilage is fere wed into a female ferew, which is 
ri vetted in the Hiding part of the front of the lan* 
thorn ; the magnifying lenfes are to be ferewed into 
the hole reprefen ted at 12, and they are adjufttd by 
turning the milled nut. The quantity of light ie to 
be regulated by railing and lowering the Hiding-plate 
or the lamp. 

apparatus which oft ally accompanies the Improved Lu » 
cernai Microfeope, The itage for opaque ohje&s, with 
its femicircular lump of glafs, and concave mirror. 

The ilage for tranfparent objects, which fits on the 
upper part of the foregoing ilage* The Hiding tube, 
to whicli the magnifiers are to be affixed ; one end of 
thefe is to be ferewed on the end JJ of the wooden 
body ; the magnifier in ufe is to he ferewed to the 
other end of the inner tube. Eight magnifying 
lenfes 1 thefe are fo conftrudted, that they may be 
combined together, and thus produce a very great 
variety of magnifying poweis. A fifh-pan, fueh aa 
is represented at I. A fled wire L, with a pair of 
nippers at one end, and a fmall cylinder of ivory / at 
the other. A Aider of brafs N, containing a fiat 
glafs Aider, and a brafs Aider into which are fitted 
fame fmall concave gL fifes. A pair of forceps* Six 
large and fix fmall ivory Aiders, with tranfparent 
objects. Fourteen wooden Aiders, with four opaque 
objects in each Aider ; and two fpare A idem Some 
capillary tubes for viewing fmall animalcula. 

Ingenious men feldom content themfdves with an 
Inftrument under one form ; hence fuch a variety of 
micro [copes, hence many alter at tons in the Lucernal 
Microfcope. Mr Adams himfelf, we under ftand, has 
fitted up thtF laft in a great many different ways ; aud 
it is reafonable to think that no perfou is more likely 
to give it every improvement of which is is fufceptiblc. 

Of the alterations by other hands we ftiall only parti* 
cnlarife one, made by Mr Jones of Holborn (b), 
whofe defeription is as follows * 

A, reprefenta a portion of the top of the mahogany 

box 


(b) We trufl the reader will never confider any paragraph wherein the name of an lnftrumcnt-maker or 
other artlfl is inferted, as a recommendation of thofe ar tills by the editors of this work. In the courfe of 
a pretty ex ten five correfpondence, they have been favoured with very liberal communications from various 
artifls, for which they are greatly indebted to them ; the inferting their names in this wotk is therefore to 
be eonfidered a® a grateful acknowledgment from the editors for favours conferred on them* — not as a teftlmo* 

pial 
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Microfeape box in which it packs, to preferve it Ready; it Aides 
in a dove- tail groove within fide, a fimtlar groove to 
which is cut in the top of the box A ; fo that when 
the ioRrument h to be ufed, it is (Apt out of the box 
within fide, and then dipt into the groove at top ready 
for rife, almoft inftantly, as fhown in the figure. The 
adjuRment of the objefls is at the Rage E ; for the 
right focal diRance is readily and conveniently made 
by turning the long fc re w- rod BB, which goes thro* 
the two pillars fupporting the box, and works in the 
bafe of the brafs Rage E ; which bafe is alfo dove- 
tailed, fo as to have a regular and Ready motion in ano- 
ther brnfs bafts that fupports it. In this inh rumen t, 
there Fere, the pyramldical box does not move ; but 
the 11 age part only, which, from its fmaii weight, 
moves in the molt agreeable and Ready manner. While 
obferving the image of the object upon the glafs 
through the fight-hole at G, the objeffc may be moved 
or changed by only turning the rack -work and pinion 
applied to the Rage, by means of the handle D, for 
that purpofe. By this contrivance you have no occa- 
fion to change your pofition during the view of the 
objects upon one of the Aiders, This motion changes 
the objects horizon tally only ; and as they are gene- 
rally placed exactly in one line, it an fivers all the pur- 
pofes for which this motion is intended very well. 
But it may fo me times happen that the obferver would 
vdfh to alter the vertical pofition of the object; to 
perform which there is another plane rod at F, that 
afts Amply as a lever for this purpofe, and moves the 
Aiding part of the Rage E vertically either upwards 
or downwards. 

Thus, without altering his pofition, the obferver 
may invefligate all parts of the objects in the moft fti- 
tisfadory manner. Rack-work and pinion might be 
applied to the Rage for the vertical motion alfo ; but 
as it would materially enhance the expence, it is fel- 
dom applied* The brafs work at the handle of D 
contains a Hooke's univerfal joint* 

The brilliancy of the images of the obje&s fhown 
upon the large lenfes at the end of the box, being very 
frequently fo great as to dazzle the eyes, Mr Jones 
applies a Right tinge of blue, green, and other co- 
loured glafs, to the fight-hole at G> which foftens this 
glare, and eafts an agreeable hue upon the obje&s* 

Defcriptlon of thofi Parts of a Mierqfcoplcal Apparatus*, 

common to mojl InJirmmntSy nvhich arc deli mated at 

&■ 3 *• 

A and B reprefent the bra ft cells which contain the 
magnifiers belonging to the different kinds of com- 
pound micro fcopcs. The magnifiers are fometimes 
contained hi a Aider like that which is delineated at S 
{fig. 24), The lenfes of A and B are confined by a 
fmaii cap ; on nn fere wine this, the fmaii lens may be 
taken out and cleaned* The magnifiers A of the lu- 
ce rnul nficrofcope are fo contrived, that any two of 
them may be fere wed together, by which means a con- 
fidemble variety of magnifying power is obtained. 

To get at the lenfes in the Aider S (fig- 24.), take 
cut die two ferews which hold on the cover* 


C, repre feats the general form of the Aider- holder. MIarcfic$pfc 
It confifts of a cylindrical tube, in which an inner tube — * 
is forced up by a fpring* It is ufed to receive the 

ivory or any other Aider, in which the t ran fpa rent 
objects are placed ; theft are to be Aid between the 
two upper plates: the hollow part in one of the plates 
is defigned for the glafs tubes, 

D, the condenfing lens and its tube, which fits into 
the Aider-holder C 7 and may be moved up and down 
in it* When this piece is pu filed up as far as it will 
go, it con denies the light of a candle, which is reflect- 
ed on it by the plain mirror of the compound micro-* 
feope, and fprends it uniformly over the objeft ; in 
this cafe it is belt adapted to the flialioweft magnifiers* 

If the deeper lenfes are ufed, it fiiould be. drawn down* 
or rather removed further from the objed, that it may 
concentrate the light in a fmaii compafs, and thus 
render it more denfe. The condenfing lens is fame- 
times fitted up differently; but the principle being the 
fame, it will be eafy to apply it to ufe notwith hand- 
ing fume variations in the meehamfm, 

E, a brafs cone. It fixes under the Aider-holder, 
and is ufed to IcfTen occalionaily the quantity of fight 
which comes from the mirror to any object. 

F, a box with two Aat glaflfes, vvhich may be placed 
at different dhtances from each other in order to con- 
fine a final l living in fed, 

G, a fmaii bra fs box to hold the filver fpeculum H* 

H, a fmaii filver concave fpeculum, defigned to re- 
flect the light from the mirror on opaque objects ; it 
fhould only be ufed with the fiiallow magnifiers* It is 
applied in different way® to the compound microfeope; 
fometimes to a tube fimtlar to that reprefen ted at X, 
which Aides on the lower part of the body; fometimes 
it is fere wed into the ring of the piece Qj the pin 
of this generally fits into one of the holes in the ftage. 

When tliis i’peculum is ufed, the Aider-holder fliould be 
removed. 

I, a fifii-pan, whereon a fmaii fifti may be fattened, 
in order to view the circulation of the blood: its tail 
is to be fpre&d acrofs the oblong hole at th: final! elt 
end, and tied fa ft: by means of the ribbon fixed there- 
to, by Aioving the knob which is on the back of it 
through the flit made in the flage ; the tail of the fifti 
maybe brought under the lens which is in ufe. 

K, a cylindrical piece, intended for the folar opaque 
microfeope : by pulling back the fpiral fpring, fmaller 
or larger objedis maybe confined in it, 

h y A pair of triangular nippers for taking hold of 
and confining a large object* 

E T a long Reel wire, with a fmaii pair of pliers at 
one end and a Reel point at the other : the wire flips 
backwards or forwards in a fpring tube, which is af- 
fixed to a joint, at the bottom of which is a pin to fit 
one of the holes in the flage ; this piece is ufed to 
confine fmaii objects. 

/, A fmaii ivory cylinder that fits on the pointed 
end of the flee! wire L ; it is defigned to receive 
opaque objefts. Eight- coloured ones are to be Ruck 
on the dark fide, and uke *oerfa* 

M, a convex lens, which fits to the Rage by means 

of 
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f of the long pin adhering to it. This piece is defigned 
to collect the light from the fun or a candle, and to 
throw them on any objefi placed on the ftage j but it 
is very little ufed at prefen t* 

N, a brsfs flider, into which is fitted a fiat piece of 
glafs, and a brafs Older containing four final! gkffes, 
one or two of them concave, the others flnt % it is de- 
figned to confine (mail living objects, end when ufed is 
to be placed between the two upper plates of the flider- 
holder. 

O, a glafs tube to receive a fmall fifh, &c. 

Pi reprefents one of the ivory Aiders, wherein ob- 
jects arc placed between two pieces of talc, and con- 
fined by a brafs ring. 

Q, a piece to hold the fpeculum H ; this piece is 
generally fitted to the microfcope represented at fig, t z, 

R, a pair of forceps, to take up any occafional ob* 

S, a camel 3 s hair pencil to brufti the dull off the 
glaifes ; the upper part of the ^ujII is f cooped out, to 
take up a drop of any fluid, and place it on either of 
the glaffes for examination, 

T* an in liniment for cutting thin tvanfverfe lections 
of wood. It confirts of a wooden bafe, which fup- 
ports four brafs pillars j on the top of the pillars is 
placed a fiat piece of brafs, near the middle of which 
there is a triangular hole, 

A Jliarp knife, which moves in a diagonal direction, 
is fixed on the upper fide of the a fore- mentioned plate, 
and in fuch a manner that the edge always coincides 
with the fur face thereof. 

The knife vs moved backwards and forwards by 
means of the handle a* The piece of wood is placed 
in the triangular trough which is under the brafs 
plate, and is to be kept (heady therein by a milled 
ferew which h fitted to the trough ; the wood is 
to be p re (Ted Forward for cutting by the micrometer 
ferew b* 

The pieces of wood (hould be applied to this in- 
ftrument immediately on being taken out of the 
ground, or die they (hould be foaked for feme time in 
water, to fefl.cn them fo that they may not hurt the 
edge of the knife. 

When the edge of the knife is brought in cental 
with the piece of wood, a Am all quantity of fpirits of 
wine Ihould be poured on the furface of the wood, to 
prevent its curling up ^ it will alfe make it adhere to 
the knife, from which it may be removed by preilingg 
piece of blotting paper on it, 

y t An appendage to the cutting engine, which is 
to be ufed In dead of the micrometer ferew, being pre- 
ferred to it by feme. It is placed over the triangular 
hole, and kept fiat down upon the furface of the brafs 
plate, while the piece of wood is puffed agaiuff a cir- 
cular piece of brafs ivhich is on the under fide of it. 
This circular piece of brafs is fixed to a ferew, by 
which ita di fiance from the fiat plate on which the knife 
moves may be regulated. 

a, An ivory box, containing at one end fpare talc 
for the ivory Aiders, and at the other Iparc rings for 
preffmg the talcs together and confining them to the 
flider. 

After what has been related of Microfcopes, they 
cannot be faid to be complete without the valuable 
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addition of a nueromder ; for the ufc and advantages g* 

of which, fee the article Micrometer, d ■— v— 7 

Having prefen ted our readers with defcriptiotis of 
the various mifcrofcopcs generally ufed, wu think it 
our duty to point out to them thole which we con- 
ceive to oo bed calculated to anflver the ptirpofes of 
fcience. The firft which prefeats it fdf to our mind 
is that of Ellh ,* It is better adapted, than any other 
portable mferofeope, to the purpofe of general obfer. 
vation ; fimple in its conffrudion, and general in it* 
application* 1 o thofe who prefer a double micro- 
fcope, we (hould recommend that figured in Plate 
CCXCVTII, ( 12,} If opaque objcdls, as mfeds, 
be fubjeds of inveftigariem, the Luterna! Microfcope 
claims the preference ; but if amufemeftt alone guides 
the coulee, trie Solar Microfcope mull be fixed upon. 

We (hall now proceed to explain feme ncceffery par- 
ticulars refpeding the method of ufmg microfcope^ 
aflci which, we (hall fubjoin an enumeration of the prin- 
cipal objeds difeovered or elucidated by their means. 

On this iuhjed Mr Adams, in his E/fay on the Micro* 
fcop? f has been very copious \ with a view, as he in- 
forms us, to remove the cpfamon complaint made by 
Mr Baker, « that many of thofc who purchafe micro 
kopes are fo little acquainted with their general and 
ex ten five ufefulnefa, and fo much at a lofe for objeds 
to examine by them, that after diverting their friends 
feme few times with what they find in the Aiders 
which generally accompany the iuftrument, or perhaps 
with two or three common objeds, the microfcope. is 
laid afide as of little further value ; whereas no in fir tu 
ment has yet appeared in the world capable of afford- 
mg to conftaat, various, and fatfefa&ory an entertain- 
ment to the mind.” 

L In ufmg the microfcope, there are three things ne- 
ceffary to be confidered, (j.) The preparation and 
adjiiffment of the Inftrument itfdf. (2.) The proper 
quantity of light, and the hell method of adapting 
**■ object, ( 3 ;) 1 method of preparing the 

objects, fo that their texture in ay be properly 12 ri- 
der Hood* 

1. With regard to the microfcope itfelf, the firft 
thing necdTary to be examined is, whether the glaffcs 
be clean or not; if they are not fo, they mud be wiped 
•with a piece of foft leather, taking care not to foil 
them afterwards with the fingers; and, in replacing . 
them, care mull be taken not to place them in an 
oblique filiation. We mail likewife be careful not 
t® !et the breath fall upon the glaffes, nor to hold 
that part of the body of the inltrument where the 
gklfes are placed with a warm hand ; became thus 
the inoifiurt expelled by the heat from the metal will 
condetife upon the glafs, and prevent the object 
Irotn being diflinctly feen. The objed (hould be 
brought as near the centre of the field of view as 
poflible ; tor there only it will be exhibited in the 
greateft perfection. The eye (hould be moved up and 
down from the eye glafs of a compound microfcope, 
till the fituation is fjtfhd where the target! field and 
molt diitind view of the objed are to be had ; but eve- 
ry perfem ought to adjult the microfcope to his own 
eye, and nol to depend upon the fituation it was pl a . 
ced in by .another, A fmall magnifying power (hould 
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Micmfenpe always be begun with; by which mean# the observer 
" will belt obtain an exad idea of the iitiiation and 
connedion of the whole ; and will of coofequence be 
lefs liable to form any erroneous opinion when the 
parts art: viewed feparntely by a lens of greater power* 
Obje^s fhould alfo be examined iirll in their moft na- 
tural portion ; for if* this be not attended to, wc fhall 
be apt to form very inadequate ideas of the Hr 11 dure 
of the whole, as well as of the connection and ufe 
of ithe parts. A living animal ought to be as little 
hurt or difeompoied as poffible. 

From viewing an objed properly, we may acquire 
a knowledge of its nature : but this cannot he done 
without an 0; ten fire knowledge of the fabled, much 
patience, and many experiments ; as in a great num- 
ber of cafes the images will refemble each other, 
though derived from very different fubftances. Mr 
Baker therefore advifes us not to form an opinion too 
fuddenly after viewing a microfcopical objed ; nor to 
draw our inferences till after repeated experiments 
and examinations of the objed in many different 
lights and portions; to pafs no judgment upon 
tilings extended by force, or contracted by drynefs, 
or in any manner out of a natural ftate, without ma- 
king fuitable allowances. The true colour of objeds 
cannot be properly determined by very great magni- 
fiers ; for as the pores and inter ft ices of an objed are 
enlarged according to the magnifying power of the 
glaffes made ufe of, the component particles of its 
i ub fiance will appear fepa rated many thoufand times 
farther afunder than they do to the naked eye : hence 
the reflection of the light from thefe particles will 
be very different, and exhibit different colours* It is 
likewife fomewhat difficult to obferve opaque objeds; 
and as the apertures of the larger magnifiers are but 
final l, they are not proper for the purpofe. If an ob- 
jed be fo very opaque, that no light will pafs through 
it, as much as poffible imift be thrown upon the up- 
per furface of it. Some confideratiou is likewife lic- 
et ffary in forming a judgment of the motion of li- 
ving creatures, or even of ft u ids, when feen through 
the micro reope ; for as the moving body, and the 
fpace wherein It moves, arc magnified, the motion 
will alfo be increafed, 

2, On the management of the light depends in a 
great meafure the dUlindnefo of the vlfion : and as, in 
order to have this in the greatefl perfection, we mull 
adapt the quantity of light to the nature of the objed 
and the focus of the magnifier, It is therefore necef- 
fary to view it in various degrees of light. In fame 
objeds, it Is difficult to diftinguifh between a promi- 
nence and a depreffiou, a ffiadow or a black ftain ; cu- 
be tween a re fled ion of light and whitenefs, which is 
particularly obfervablc in the eye of the libelta and 
other flies : all of thefe appearing very different in 
one pofition from what they do in another. The bright- 
nefs of an objed likewife depends on the quantity of 
light, the diftmdnefs of vifion, and on regulating 
the quantity to the objed ; for fome will be 111 a 
manner loft In a quantity of light fcaree fufficient to 
render another vifible. 

There are various ways in which a ftrong light may 
be thrown upon objeds ; as by means of the fun and 
a convex lens. For this purpofe, the mlcrofcope is 
to be placed about three feet from a fouthern window ; 
N 2 J 9* 


then take a deep convex lens, mounted on a femldrcle Microtek 
and (land, fo that its poiltiou may eafily be varied ; 
place this lens between the objed and the window, fo 
that it may colled a confiderable number of folar rays, 
and refract them on the objed or the mirror of the 
mlcrofcope* If the light thus collected from the fun 
be too powerful, it may be leffened by placing a piece 
of oiled paper, or a piece of glafs lightly greyed, be- 
tween the objed and lens. Thus a proper degree of 
light may be obtained, and diffufed equally all over 
the furface oi an objed : a circum dance which ought 
to be particularly attended to ; for if the light be 
thrown irregularly* upon it, no diftind view can be 
obtained, if we mean to make ufe of the folar light, 
it will be found convenient to darken the room, and 
to refled the rays of the fun on the abovementioned 
lens by means of the mirror of a folar microfcope fix- 
ed to the window ffi utter ; for thus the obforver will 
be enabled to preferve the light on his objed, not with- 
Handing the motion of the fun. But by reafon of this 
motion, and the variable ft ate of the atinolphere, fo- 
lar obfervations are rendered both tedious and incon- 
venient : whence It will he proper for the obferve r 
to be iurnifhed with a large tin lan thorn, formed foirce- 
thing like the common magic lanthorn, capable of 
containing one of Argand’s lamps. This, hovvevar, 
ought not to be of the fountain kind, left the rarefac- 
tion of the air in the lanthorn iliould force the oil over. 

There ought to be an aperture in the front of the 
lanthorn, which may be moved up and down, and be 
capable of holding a lens ; by which means a pie a font 
and uniform as well as ft rung light may eafily be pro- 
cured, The lamp ftiould likewife move 011 a rod, fo 
that it may be eafily raifed or deprtffed. This Ian- 
thorn may likewife be ufed for many other purpofes ; 
as viewing of pictures, exhibiting microfcopie objede 
on a icreen, &c, A weak light, however, is be ft for 
viewing many tran [parent objtrds : among which we 
may reckon the prepared eyes of flies, as well as the 
animalcules in fluids. The quantity of light from a 
lamp or candle may be kffened by removing the ml- 
cioicope to a greater dlffonce from them, or by dlmi- 
ni fhing the ftrength of the light which falls upon the 
objects* This may very conveniently be done by 
pieces of black paper with circular apertures of diffe- 
rent fizes, and placing a larger or fmaller ont upon the 
reflecting mirror, as occafion may require. There ia 
an oblique fhuation of the mirrors, which makes like- 
wife an oblique refledlon of the light eafily difcovered 
by pradice, (but for which no general rule can be gi- 
ven in theory) ; and which yull exhibit an object more 
diftiuctly than any other portion, thawing the furfoce, 
ns well as thofe parts through which the light is tranf- 
nutted. The light of a lamp 01 candle is generally 
better for viewing microfcopie objeds than day-light ; 
it being move cafy to modify the former than the lat- 
ter, and to throw it upon the objeds with different 
degrees of deniity. 

With regard to the preparation of objeds, Swam- 
merdam has, in that particular, excelled almoil all 
other mvefligators who either preceded or have 
fucceeded him. He was fo affiduous and indefati- 
gable, that neither difficulty nor difappoiiitment could 
make the lead impreffion upon him ; and he never 
abandoned the parfult of any objed until he had ob- 
2 Lamed 
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Microfcflfe talked a fat 1 6 factory idea of It- Unhappily, however, 

*' x v~^ the methods he made ufe of In pie pa ring his objects 
for the mlcrofeopc are now entirely unknown. Dr 
Boerhaave examined with the ftri£teft attention all the 
letters and tnanuferipts of Swammerdam which he 
could find ; hut his refearcbes were far from being 
fuccefsfuh The following particulars, however, have 
thus come to the knowledge of the public* 

Fordiffedtiug of fmalimjeSs* Swammerdam had a brafs 
table made by S. Mufchenbmek, to which were afB ic- 
ed two brafs arms moveable at pleafnre to any part of 
it* The upper part of thefe vertical arms was con- 
ftrU&ed in Inch a manner as to have a flow vertical 
motion ; by which means the operator could readily 
alter their height as he faw convenient. One of thefe 
arms was to hold the minute objects, and the other to 
apply the microfcope. 

The lenfes of Swammerdam’s microfcopes were 
of various fixes as well as foci : but all of them the 
befl that could be procured, both for the t ran fp are ncy 
of the glafs and the finenefs of the workman flop- His 
dhfervations were always begun with the final left mag- 
n biers, from which he proceeded to the great eft ; but 
in the ufe of them, he was fo exceedingly dexterous, 
that he made every obfervationfubfervient to that which 
filce ceded it, and all of them to the confirmation of 
each other, ayd to the completing of the defeription. 
His chief art feems to have been in conftrudting feif- 
fars of an exqmfitc finenefs, and making them very 
ftiarp, Thus he wa§ enabled to cut very minute ob- 
jects to much more advantage than could be done by 
knives and lancets ; for thefe, though ever fo fharp and 
fine, are apt to dtforder delicate fubflances by dif* 
facing fome of the filaments, and drawing them af- 
ter them as they pafs through the bodies ; but the 
fciffars cut them all equally. The knives, lancets, 
and ftyles he made ufe of in his diffe&ions, were fo 
fine that he could not fee to fharpen them without 
the affittance of a magnifying glafs ; but with thefe he 
could diffeQ; the intdlmes of bees with the fame accu- 
racy that the bed: anatom ills can do thefe uf large 
animals* He made ufe alfo of very finall glafs tubes 
no thicker than a brittle, and drawn to a very fine 
point at one end, but thicker at the other. Thefe 
were for the purpofe of blowing up, and thus render- 
ing vifihle the fitiallefl veiTels which could be difeo- 
vered by the microfcope ; to trace their collides and 
communications, or fometimes to inject them with 
coloured liquors. 

Swammerdam fometimes made ufe of fpirit of wine* 
water, or oil of turpentine, for fuffocating the Infe&s 
he wifhed to examine ; and would preferve them for 
a time in thefe liquids. Thus he kept the parts from 
putrefying, and gave them befides fuch additional 
flrength and firmnefs, as rendered the difTedHons much 
more cafy than they would otherwife have been. Ha- 
ving then divided the body tranfverfely with the 
fciffars, ami made what obfervations he could with- 
out farther dittedtion, he proceeded to extract the 
Intcttines carefully wit*a very fine inftruments, to 
Watti away the fat in the like careful manner ; and 
thus to put the parts into fuch a date as would 
belt expofe them to view ; but thefe operations are 
heft performed while the infe&s are j.* their nympha 
Hate. 
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Sometimes the delicate vifeera of the Infe£U fl afief^i^cops 
having been fuflbeated as abovemeu tinned, were put " "V - * 
into water; after which, having fh»ken them gently, 
he procured an opportunity of examining them, efpe- 
c fully the air veffcls, which lail he could thus feparate 
entire from all the other parts, to the admiration of 
all who beheld them ; as thefe veffels cannot be dif- 
tindlly feen m any other manner, or indeed in any 
Way whatever, without Injuring them. Frequently al- 
fo he injected water with a fyringe to clean fe the parts 
thoroughly, after which he blew them up with air and 
dried them; thus rendering them durable, and lit for 
examination at a proper opportunity. Sometimes he 
made very important difeovenes, by examining mfedls 
which he had preferred for feveral years in balfam. 

Other inf cits he punctured with a very line needle ; 
and after fqueezing out all their moillure through 
the holes made in this manner, he filled them with air, 
by means of very ilender glafs tubes; then dried them 
In tire fhndc; and la fily anointed them with oil of fpilcc 
in which a little rofm had been djffblved ; and by 
whi h means they, for a long time, retained their pro- 
pa forms. He wa$ like wife in poffefflon of a Angu- 
lar feciet, by which lie could p refer ve the limbs of In- 
it ^ as limber and perfpictious as ever they had been. 

He ufed to make a fmall pun£We or Incifion In 
the tails of worms; and after having with great cn u« 
timi fqueezed out all the humours, as well as g rent part 
of the vjfeera* he injected them with wax in fuch a 
manner as to give them the appearance of living crea- 
tures in perfect health. He found that the fat of 
all infects Was entirely difib] vnble in oil of turpen- 
tine ; by which means he was enabled plainly to dlf. 
cem the yifcm ; though, after this di Ablution, it was 
neceffary to deanfc and wafh them frequently in dean 
water. In this manner he would frequently have fpent 
whole days in the preparation of a Angle caterpillar, 
and cleaning It from its fat, in order to dlfcover the 
true fitnationttf the infeci’s heart* He had a fmgular 
dexterity in ft ripping off the (kins of caterpillars that 
were on the point of fp inning their cones. This was 
done by letting them drop by their threads into fealding 
water, and then fuddenly withdrawing them. Thus 
the epidermis peeled off very eafily ; and, when this 
was done, he put them into dittillcd vinegar and fpirit 
of wine mixed together in equal proportions; which, 
by giving a due degree of frrmnefs to the parts, gave 
him an opportunity of fepantiug them with very 
little trouble from the exuviae, without any danger tt> 
the internal parts* Thus the nymph could be ttiowu 
to be wrapped tip in the caterpillar and the butterfly 
in the nymph ; and there is little doubt that thole 
who look into the works of Swammerdam, will be 
amply recompenfed, whether they con fide r the unex- 
ampled labour or the piety of the author. 

M. Lyonet, a Ute eminent natural! ft, ufually drown- 
ed the infects he 'defigned to examine; by which means 
he was enabled to prefer vc both the foftnefs and tranf- 
parency of the parts. According to him, the infe£f # 
if very fmall, vt%» one tenth of an Inch, or little more, 
in length, fiiould be differed on a gkfs fome what con- 
cave. If it fhoald be fufpedted that the irifedl: will pu- 
trefy by keeping for a few days, fpirit of wine diluted 
with water mutt be fnbfUtuted Inffead of pure water. 

The infedf mutt be fuffered to dry ; after which It may 
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>fcop£ fee fattened by a piece of foft wax, and again covered 
r with water. — Larger objects fhould be placed in a 
trough of thin wood ; and for this purpofe the bottom 
of a common chip box will an Twer very well ; only 
fur rounding the edge of it with foft wax, to keep In 
the water or other fluid employed in prefervingthe in- 
fefi. The body is then to be opened; and If the parts 
ute foft like thofe of a caterpillar, they fhould be turn- 
ed back, and fixed to the trough by fraall pins, which 
ought to be ft t by a fmall pair of nippers. At the 
fame time, the fkin being ftretched by another pair of 
liner forceps, the infect mufi be put into water, and 
differed therein, occafionally covering it with fpirit 
of wine* Thus the f abject will be preserved in per- 
fection, fe that its parts may be giadually unfolded, no' 
other change being perceived than that the foft elaftic 
parts become ft iff and opaque, while fome others lofe 
their colour. 

The following inflrumnits were made ufe of by M. 
Lyonet in Ins differ ion of the Chenille de SmtL A 
pair of feiflars as fmall as could be made, with long and 
five arms : A pair of forceps, with their ends fa 
nicely adjufted, that they could eafily lay hold of a 
fpider’s thread, or a grain of fluid: Two fine Heel 
needles fixed in wooden handles, about two inches and 
three quarters in length; which were the moil general- 
ly ufaful in liniments he employed. 

Dr Hooke, who like wife made many mierofcopic 
©btervattons, takes notice, that the common ant or 
pifmire is much more troublefome to draw than other 
infects, as it is extremely difficult to get the body in a 
quiet natural poflure, If its feet be fettered with wax 
or glue, while the animal remains alive, it fa twills its 
body, that there is no poflibility of gaining a proper 
view of it ; and if it be killed before any obfervation 
is made, the fhape is often fp oiled before it can be exa- 
mined. The bodies of many minute intedls, when their 
life is deftroyed, inflantly fhrivel up; and this is obfer- 
vable even in plants as well as infects, the furface of 
thefe fmall bodies being afFedted by the leaft changcof 
nir; which is particularly the cafe with the ant. If 
this creature, however, be dropped into redificd fpirit 
of wine, it will inflantly be killed; and when it is taken 
out, the fpirit of wine evaporates, leaving the animal 
dry, and in its natural pollute, or at leaft in fuch a 
ftate that It may eafily be placed in whatever pofture 
we pleafe* 

Parts of Tafias. The audios, in many k feels, arc 
fo tranfparent, that they require no previous prepara- 
tion ; but fame of ihofc that are folded up. under elytra 
or cafes, require a confiderable lhare of dexterity to un- 
fold them ; for thefe wings arc naturally endowed with 
fuch a fpring, that they immediately fold themfelves 
again, imlefs care be taken to prevent them. The 
wing of the earwig, when expanded, is of a tole- 
rable fize, yet is folded up under a cafe not one 
eighth part of its bulk; and the texture of this 
wing renders It difficult to be unfolded. This is done 
with the lea ft trouble immediately after the infect 
is killed. Holding then the creature by the thorax, 
between the finger and thumb, with a blunt-point- 
ed pin endeavour gently to open it, by fpreading it 
over the fore-finger, and at the fame time gradually 
Hiding the thumb over it. When the wing is fuffi- 
jutaliy expanded* feparate it from the ipfeCt by a fliarp 


knife or a pair of fciffars, The wing fhould be pref-Mkmfcope^ 

fed for fome time between the thumb and linger before 

it be removed; it fhould then be placed between 

two pieces of paper, and .again prefled for at leaft an 

hour ; after which time, as there will be no danger of 

its folding up any more, it may be put between the 

talcs, aiH, applied to the micro fcope. Similar care is 

requllke in ill playing the wings of the notonecla and 

other water- infefts, as well as mo ft kinds of grylli. 

The minute fcafes or fathers , which cover the 
win go of moths or butterflies, afford very beautiful ob- 
jects for the mfarufeope. Thole from one part of the 
wing frequently differ in fliape from fuch as are taken 
from otlier parts; and near the thorax, ftioiilder, and 
on the fringes of the wings, we generally meet with 
hair inf lead of feales. The whole may be fern Are d 
off the wing, upon a piece of paper, by means off 
a camel f s-h air pencil ; after which the hairs can be 
feparated with the afliilance of a common magnifying 

gM*-, 

It is like wife a matter of confiderable difficult)' to- 
diftedd properly the prJiufch of intects, fuch as the 
gnat, tab anus, See, and the experiment mull be repeat- 
ed a great ntmiber of times before Hi: ftrmSture and ft- 
tuation of the parts can be thoroughly iiivefligated* ac- 
tive obferver will frequently difeover in one what 
he could not In another. The colleBor of the bn*. 
which forms a very curious objedl, ought to be fir It 
carefully wa filed in fpirit of turpentine ; by which, 
means it will be freed trom the unituous matter adhe- 
ring to it : when dry, it Is again to be walked with n 
camel Vhair pencil to di fen gage and bring forward the 
fmall hairs which farm part of this microfeopic beauty,. 

The be ft method of managing the flings of in feds, 
which are in danger of being broken by reafan of their 
hardnefsj is to foak the cafe and the reft of the appa- 
ratus for fome time in ipmt of wine or turpentine; then- 
lay them on a piece of paper, and with a blunt knife 
draw out the fling, holding the fheath with the nai^ 
of the finger or any blunt inftrument ; but great care 
is neceffary to prefer vc the feelers t which when clean- 
ed add much to the beauty of the objedt. The beard 
of the tepas antifera is to be foaked in clean foft water, 
frequently bru filing it while wet with a camePs-hair 
pencil : after it is dried, the bmfhi ng muff be repeat- 
ed with a dry pencil to difengage and leparate the hairs* 
which are apt to adhere together. 

To view to advantage tbeyh/, brains % and other fi~ 
irfiLr kibilances. Dr Hooke advifes to render the fur- 
face fmootb, by pretting it between two plates of thin, 
glaft, by which means the matter will be rendered 
much thinner and more tranfparent : without this pre- 
caption, It appears confuted, by re 1 fan of the p^rta 
lying too thick upon one another. For mufcular fibres^ 
take apiece of the ftefh, thin and dry ; moilleu It with 
warm water, and after this is evaporated the veffela 
will appear more plain and diftineb ; and by repeated 
macerations they appear ftill more fo. The exupu? of 
intedts afford a pteafing object, and require but little 
preparation. If bent or curfal up, they will become 
fd relaxed by being kept a few hours in a moift at- 
mofphere, that you may eafily extend them to their 
natural poflrions ; or the fleam of warm water will an^ 

Aver the purpofe very well. 

The eyes of in tedts In general form very curious 

3. ' and 
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TyTicr olcoff mid beautiful objects. Thofe of the libdtula and other 
y * flies, as well as of the lobiter, &c. muft firft be cleaned 
from the blood, &c, alter which they finonld be foaked 
in water for fbme days : one or two fkius are then to be 
feparated from the eye, which would be othenvi fe too 
opaque and con fu fed. ; but fome care is requfOte in this 
operation ; for if the fkin be rendered too thin, it is 
impoffihle to for m a proper idea of the organization of 
the part. In fome fu bilances, however, the organiza- 
tion is filch, that by altering the texture of the part, 
we deflroy the objects which we wifh to obferve, Of 
this fort are the nerves, tendons, mufcular fibres, 
many of which are viewed to moll advantage when 
floating in fome trafifparent fluid. Thus very 
few of the mufcular fibres can be difeovered when 
we attempt to view them in the open air, though great 
numbers may be ken if they be placed in water or oil. 
By viewing the thread of a ligament in this manner, 
we find it compofed of a vail number of fmooth round 
threadslying clofe together. Elakic objects Ihould be 
pulled or iii etched out while they are under rhe mi- 
crefcope, that the texture and nature of thofe parts, 
the figure of which is altered by being thus pulled out, 
may be more fully difeovered. . 

Other otjt'Hs, To examine bones by the micro (tope, 
they fliouid firft be viewed as opaque objects ; but af- 
terwards, by procuring dun dices of them, they may 
be viewed as t ran [parent* The fections Ihould be cut 
in all directions, and be well walked and cleaned ; and 


in tome cafes maceration will be iifeful, or the bones 
vuay be heated red hot in a clear lire, and then taken 
out ; by which means the bony cells will appear more 
conlpicuous. The fores of thejktn may be examined by 
cutting oil a thin like oh' the upper ikin with a razor, 
and then a fecond from the fame place ; applying the 
latter to the mkrofcopc. The lizard, guana, &t\ have 
two ikins, one very tranfparent, the other thicker and 
more opaque ■ and, fepar Siting thefc two, you obtain 
very beautiful objects. 

To view the f cults of ffh to advantage, they ought 
to be foaked m water for a few days, and Lhtn care- 
fully nibbed to clean them from the ikin and dirt 
which may adhere to them. The fcules of the eel aie 
a great curiofity ; and the more fo, as this creature 
was not known to have any fcalcs till they were difeo- 
veved by the microfcope. The method of difeovermg 
them is this. Take a piece of the fit in of an cel from 
611 its hde, and fpread it while molit on a piece of 
glafs, that it may dry \ r cry fmooth : when thus dried, 
the iurfaee will appear ali over dimpled or pitted by 
the hales, which lie under a fort at cuticle or thin 
(Ivin ; which may be railed with the fharp point of a 
penknife, together with the leaks, which will then 
eafily dip out ; and thus may procure as many as 
we pleafe. 

The leaves of many trees, as well as of fome plants, 
when dike died, form a very agreeable object. In oi> 
der to dillect them, take a lew of the molt perfect 
leaves you can find, and place them in a pan with clean 
water. Let them remain there three weeks, or a 
month, without changing the water ; then take them 
up; and if they feel very foft* and almofl rotten, they 
are fufficiently foaked- They mult then be laid on a 
fiat board, and holding them by the ftalk, draw the 


fide of the leaf, which * 
Then turn the leaf, 
and do the fame with the under fide ; and when the 
fTvin is taken off on both fides, wafh out the pulpy 
matter, and the fibres will be exhibited in a very 
beautiful manner. The leaf may be flit into two 
parts, by fplitting the fialk ; and the lid ns peeled 
from the fibres will alfo make a good objtfL This 
operation is bell performed in the autumn : the fibres 
of the leaves are much flronger at that fc a fon, and 
lefs liable to be broken.— The internal firufture ot 
{hells may be obferved by grinding them down on a 
hone : and all ores and minerals ihould be carefully 
walked and brufhed with a fmall bruih to remove any 
fordes that may adhere to them. 

To view tire circulation of the Mood, we mull ob* 
ferve living: animals of the moll tranfparent kind. — ■ 
A fmall eel is fometlmes tiled for this pur pole j 
in which cafe it mull be cleanied from the iltme 
naturally adhering to It ; after which it may be 
put into a tube filled with water, where it can be 
viewed in a Fat is factory manner. The tail of any 
other fmall lifii may be viewed in the fame manner, 
or put upon a flip of fiat glafs, and thus laid be- 
fore the micro fc ope. By filling the tube with water 
when an eel is made life of, yvc prevent in a great 
meafure the fliminefs of the animal from foiling the glafs* 

The particles of the blood form a very curious ob- 
ject, and have been carefully viewed by different phi- 
lofophers ; who, neverthekfs, differ from one another 
very much in their accounts of them. The belt 
method 01 viewing thefc is to take a fmall drop of 
blood when warm, and fpread It as thin as poffible 
upon a flat piece of glafs, By diluting it a little 
with warm water, fome of the large globules will be 
feparated From the fmaller, and many of them fubdivi- 
ded ; or a fmall drop of blood may be put into a ca- 
pillary glafs- tube, mid then placed before the micro- 
icopc* Mr Baker advifes warm milk as proper to be 
mixed with the blood ; but Mr Hewfon, who is ac- 
counted the moll accurate obferver, diluted the blood 
with that fluid which undoubtedly 1$ more natural to 
It, Its own ferum ; by ibis method he could pre- 
fer ve the fmall particles entire, and view them diftimfr* 
ly ; and thus he found that they were not globular, as 
had been imagined by other anatom! Its, but fiat. Ha- 
ving lhaken a piece of the etaffamentum of the blood 
in ferum till the latter became a little coloured, he 
fpread It with a foft hair pencil on a piece of thin ghis, 
which he placed under the microfcopc, in fuch a man- 
ner as not to be quite horizontal, but rather higher 
at one end than the other. Thus the feiuin flows 
from the hightr to the lower part ; and, us it flows, 
fume of the particles will be found to fwim on their 
hut fides, and will appear to have a dark ipot in the 
middle ; while others will turn over from one fide to 
the other as they roll down the glafs. Many cruel 
experiments have been tried in order to obferve the 
circulation of the blood in living creatures, and an 
apparatus kps been invented for viewing the circula- 
tion in the mefentery of a frog ; but as this can an- 
fwer no ufefui purpofe, and will never be put in 
p rail Ice by perfons of humanity, we forbear to men-* 
lion it. 


edge of a knife over the upper 
will take off molt of the ikin. 
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Mkrafcnpe IT. B elides the ohje£b for the microfcope already 

^ " mentioned, there are innumerable others, fume hardly 

viable, and others totally invlfible, to the naked eye ; 
and which there! or e, in a more peculiar fenfe, are de- 
nominated, 

Microfcopk animals* They are the animalcules or 
moving bodies in water, in which certain fubftauces 
have been infufed ; and of which there are a great 
many different kind?, Thefe animalcUla are fometimes 
found in water which we would call pur?) did not the 
microfcopes difeover its minute Inhabitants ; but not 
equally in all kinds of water, or even in all parts of the 
fame kind of it. The fur faces of infufions are general- 
ly covered with a fctim which is eafily broken, but ac- 
quires thicknefs by Handing, In this feum the great' 
eft number of animalcules are ufually found. Some- 
times it is ncccfFary to dilute the mfuFions ; but this 
ought always to be done with water, not only di Hil- 
led, but viewed through a miciofcope, Eft it fhould 
alfo have animalcules in it, and thus prove a fource of 
deception. It is, however, moll proper to obferve 
thofc minute obje£ts after the water is a little evapo- 
rated ; the attention being lefs diverted by a few oh- 
jcdls than when they appear in great numbers. One 
or two of the animalcules may be fepa rated from the 
reH by placing a final! drop of watcc on the glafs near 
that of the infuFcn ; join them together by making a 
fmall connection between them with a pin ; and as 
foon as you perceive that an animalcule has entered the 
clear drop, cut off the connection again* 

Eels in palle are obtained by boiling a little flour 
and water Into the condftence of book-binders pafte ; 
then expofmg it to the air in an open velTd, and beat- 
ing it frequently together to keep the furface. from 
growing mouldy or hard. In a few days it will be 
found peopled with myriads of little animals vtfiblc to 
the naked eye, which ate the eels in queftion* They 
may be preserved for a whole year by keeping the 
pafle moiElened with water ; and while this is done, 
the motion of the animals will keep the far face from 
growing mouldy, Mr Baker directs a drop or two 
of vinegar to be put into the palle now and then. 
When they are applied to the microfcope, the pa He 
mu ft be diluted in a piece of water for them to fwim 
in. 

Numberlefs animalcules are offer ved by the micro- 
feepe in Infufions of pepper. To make an infufion for 
this purpofc, brnife as much common black pepper as 
w ill cover the bottom of an open jar, and lay it thereon 
about half an inch thick ; pour as much foft water Into 
the veffel as will rife about an inch above the prpper. 
Shake the whole well together : after which they 
moll not be limed, but be left expoftd to the nit for 
a few days ; in which time a thin pellicle will be formed 
on the furfoce, in which innumerable animals are to 
be obferved by the microfcope. 

The microfcop'c animals arc fo different from thofc 
of the laiger kinds, that feurce any furl; of analogy 
items to ex ill between them ; and one would almoft 
be tempted to think that they lived in conJequenee of 
laws dne£tly oppofite to thofc which prefer ve ourfelves 
and other vifjble animals in exigence. They have 
been fyftemat lolly arranged by O. F, Muller \ though 
It is by no means probable that all die different c la (Tea 
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have yet been difcovered. Such as have been oblcr-MIcrafh>p* 
ved, however, are by this author divided in the follow- " v " tn M 
ing manner. 

I. Such as have no external org/itu* 

1. Monas : Pun Aliform a. A mere point* 

2 . Proteus : Mutabilis* Mutable. 

3. Volvox : Sphsericum, Spherical* 

4. Enchelis : Cylindracea. Cylindrical, 

5. Vibrio : Elongatum. Long, 

* Membranaceous* 

6* Cyclklium ; Ovale* Oval. 

7, Paramecium : Oblongum, Oblong. 

8, Kolpoda ; Kinuatum. Sinuous. 

9, Gonium : Angulatum. With angles* 

I a, Burkina. PI allow like a purfe. 

II* 'Thofe that have external organs. 

* Naked, or not inclofed in a fhell, 

it Ccrcaria ; Caudatum. With a tail. 

2. Trichoda : Crinitum. Hairy* 

3. Kerona ; Corniculatum, With horns* 

4. Himantopus : Cirratum. C fixated, 

5. Leucophra 7 Ciliattun nndiqne. Every part ci- 

liated. 

6* Vorticclla : Cilia turn apice* The apex ciliated., 

* Covered with a ftielL 

7. Brachionus : Cilia turn apice. The apex ciliated, 

I. Moms. 

This is by our author defined to be ct an invifible 
(to Uie naked eye], pellucid, Ample, pundUform, 
worm; 1 ' but of which, fmall as it is, there are fevcral 
fpecies, v 

1* The monos ter mo or gebthiofa^ is a fmall jelly* 
like point, which can be but imperfectly fien by the 
Jingle microfcope, and not at all by the compound one* 

In a full light they totally dif appear, by rcafon of 
their traufparency. Some infufions arc fo lull of them 
that fearce the halt empty fpace can be perceived ; 
the water itfelf appearing compolcd of innumerable 
globular points, in which a motion may be perceived 
fa me what ifinilar to that which is obferved when the 
fun's rays /bine on the water ; the whole multitude of 
animals appearing in commotion Like a hive of bees. 

This animal is very common in ditch-water, and fit 
almoft all infufions either of animal or vegetable fub- 
fiances* 

2. Monas atomus or nlhida; white monas with a van - 

able point. Tins appears like a white point, which thro' 
a high magnifier a pp pears fo me what egg~fhaped* The 
fm after end Is generally maiked with a black point, 
the fituation of which is variable; fometimes It ap- 
pears on the large cud, and fometimes there are twa 
black fpots in the middle* This fpecies was found 
in fea -water, which had been kept through the whole 
winter, but was not very fetid. No other kind of ani- 
rmdcule was found in it* * 

3. Monas funii am or nigra y black monas* This was 
found in a fetid infufion of pears, and appears in form 
of a very minute, opaque, and black point, moving 
with a flow and wavering motion. 

4. Mona j ocellus ) Iran Ipare ut like talc, with a point la 
tjhe middle. This Is found in ditches covered with con* 
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Miertdropt ferva, and fo me times with the cyclidium milium ; 

the margin of it is black, with a black point in the 
middle. 

y. Moms hns or hyaUua ; of a talcy appearance. This 
is found in all kinds of water; Sometimes even in that 
which is pure, but always in the fummer-time in ditch- 
water. It is found alfo m all infufions of animal or vege- 
table fubfttmees, whether in frdh or fait water; myriads 
being contained in a tingle drop. It is found like wife 
in the filth of the teeth. It is nearly of a round fi- 
gure ; and fo tran (parent, that it is ImpofTiMe to dif- 
cover the lea ft veftige of inteftines. They generally 
appear in clutters, but fometimes fmgly. Contra 17 to 
what happens to other animalcules, they appear to 
cover the edges of the drop when evaporating, and 
where they inftantly die. A few dark ftiades, pro- 
bably oeca honed by the wrinkling of the body, are 
perceived when the water is neatly evaporated. The 
motions of this animalcule are generally very quick; 
and two united together, may fo met lines be feen f dim- 
ming among the reft; which is thought to be a fmgle 
one generating another by divifion, as is related under 
the article Animalcule, Thefe and the animalcules 
of the firft fpecies are fo numerous, that they exceed 
all calculation even in a very fimall fpaee. 

6. Monas mica $ maiktd with a circle. This is found 
in the pure ft waters, and may be difeovered with the 
third lens of the tingle microfeoge when the magnify- 
ing power is increased. It appears like a fiuall lucid 
point ; but can aflame an oval or fpherical fhape at 
plea fu re : Com crimes the appearance of two kidneys 
may be perceived in its body, and there is commonly 
the figure of an ellipfe in it ; the lituation of which is 
moveable, fometimes appearing in the middle and fome- 
times approaching to either extremity. It feems cn* 
co m patted with a beautiful halo, which is thought to 
be occafioned by the vibration of fine invififele hairs. 
It has a variety' of motions, and often turns round for 
a long time in the fame place. 

7 . The tranqullla, or egg-ftnped t ran [parent monaa 
with a black margin, is found in urine which has been 
kept for fome time. Unnc in this date acquires a 
fount in which the animalcules re fide ; but though 
kept for feveral months, no other fpecies was found in 
It. A drop of urine is ufually final to other animal- 
cules, though this fpecies is fobe met with in no other 
fubllaticei It is generally fisird to one point, but has 
a kind of vacillatory m >tiom Frequently thefe crea- 
tures are fur rounded with a halo. Sometimes they 
are quadrangular, and ac other times fpherical ; the 
black margin is not always to be found ; and fom clinics 
there Is even an appearance of a tail* 

8. The larrteUufa-> or flat Iranfparcut monss, is molt 
ufually found In fall-water ; is of a whit fib colour and 
tratifparent, more than twice as long as h is broad, 
with a dark margin, having a vacillatory motion, and 
frequently appearing ;-s double. 

9. The puhjfe ulus o t m not with a green margin* The fe 
are generally found n uic rfhy grounds in the month 
of March. They appear lixe fmatl fpherical grains of 
a gre< ' colour on the circumference, having fometimes 
a gr:cri bent line patting through the mid die. They 
appear fome times in chi iters, from three to (even or 
more in number,, having a wavering kind of mo Lion* 


10. The or transparent gregarious mona. Is Mlcrnfiere 
found in a variety of mfalrons, and is of that kind * r 
w filch multiplies by dividing' itfelf. They appear in 
clutters of four, five, or iomerimes many more ; the 
cerpufcles being of various fixes, according to the 
number collected into one group. The fin allot pani- 
cles, when feparated from the larger, move about with 
incredible fwiftnefs. A fiogle corpufcle fepa rated 
from the heap, and pul by itfelf into a glafs, form In.* 
created m fixe till it nearly attained the bulk of the 
parent group* The furfaee then a {filmed a wrinkled 
appearance, and gradually became like the former, fir- 
parating again into final! particles, which like wife in- 
creafed in bulk as before* 

II. T hd Proteus* 

An Invifible, very Ample, pellucid worm, of a vari- 
able form, 

1* The Ptffuensj branching itfelf out in a variety of 
directions. It is very rare, and only met with In 
fens ; appearing like a grey mucous mafi, filled with a 
number of black globule, and continually changing 
its figure, puftfirg out branches of different lengths 
and breadths. The internal globules divide immedi- 
ately, and pa fa into the new formed parts ; always fol- 
lowing the various changes of the animalcule ; which 
changes feem to proceed entirely from the internal 
meehaniLm of Its body, without die aid of any ex- 
ternal power. 

2. The itnaxf running out Info a fine point. This 
Is a pellucid gelatinous body, ftortd with black mole- 
cules, and likewife changing its figure, but In a more 
regular order than the former. It firll extends itfelf 
in a ftraight line, the lower part terminating in a 
bright acute point. It appears to have no Intdlines ; 
and when the globules are all collected in the upper 
patt, It next draws the pointed end up toward the 
middle of the body, which attu tries a round form. In 
goes through a number of different fliape?, part of 
which are deferibed under the article Animalcule* 

It is found in fome kinds of river- water, and appears 
confined almoll entirely to one place, only beading 
fide wife, 

III. Vatomtm 

An invifible, very fimple, pellucid, fpherical worm. 

1 . The pnnfium ; of a black colour, with a lucid point. 

This is h fmall globule, with one hemifphere opaque 
and black, the other having a eryftalllne appearance 5 
and a vehement motion is obfirvtd In the black part. It 
moves as on an axis, frequently patting thro' the drop 
in this manner. Many are often feen joined together 
in their paffage through the water ; fome times moving 
as in a little whirlpool, and then feparadng. They 
arc found in great numbers on the furfaee of fetid fia- 
wziter. 

2. The grnnulum 13 of a fpherical figure and green 
colour, the circumference being bright and traufpa- 
rent. It is found in marfhy places about the month 
of June, and moves but flowly. It feems to have a 
green opaque nucleus. 

3. The globulus j with the hinder part fome what oh- 
feme, fome times verges a little towards the oval in it* 
fli ape, having a flow fluttering kind of motion, bus. 
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Mtetofcope more quick when difturbed, 

juft viiible. It is found in moft vegetable infuftom, 
and ia ten times larger than the moira lens, 

4. Th zpilula, fmall and round, with green luteftlnea. 
This is found in water where the lemna minor grows, in 
the month of December, and haa a kind of rotatory 
motion, fometimes flow and at others quick. The 
inteftlnes arc placed near the middle, apparently edged 
with yellow* There is a fmall ineifion on one of the 
edges of the fphere, which maypoftibly be the mouth 
of the creature. The whole animal appears enoom- 
puffed with an halo. 

5. The grtnuUmlfai with Immoveable tnte (lines. Is 
much fmalter than the lad, and marked with feveral 
circular lints. The inteftin.es are immoveable, and no 
motion is perceived among the interior molecules. 
Sometimes it moves about in a ftraight line, at others 
irregularly, and fometimes keeps in the fame fpotj 
with a tremulous motion. 

6. The foctalh) with cryftalllne molecules placed at 
equal dt dances from one another* This is Found in 
water where the chara vulgaris has been kept ; and 
has its molecules difpofed in a fphere, filling up 
the whole body of the animalcule ; but whether 
they be covered by a common membrane or uni- 
ted by a llalk (as in the vertuella foci alls to be 
afterwards deferibed) is not known* When very 
much magnified, fomc black points maybe feen in the 
cryftaUiite molecules. Its motion is fo me times rota- 
tory and fometimes not, 

7. The fphmcula % with round molecules, appears to 
cOTifift of pellucid homogeneous points of d life rent 
fizes. It moves flowly from right to left and back 
sgain, about a quarter of a circle each time. 

8. The lunula^ with lunular molecules, is a fmall 
f'oundifti trau fparent body, confiding of an innumerable 
multitude of homogeneous molecules of the Hi ape of a 
ciefcent, without any common margin. It moves con- 
tinually in a twofold manner, of the molecules 
among one another, and tlte whole mafe turning flow- 
ly round* It is Found in mar/hy places in the begin- 
ning of fpring, 

9. The glob at nr, or fpherical membranaceous volvo^f, 
is found in great numbers in the infufions of hemp and 
treroelte, and in {tag n ant waters in fpring and fummer; 
it was fir ft obferved and depided by JLeewenhoeck, 
but the deferiptions of it given by authors differ 
eonfiderably from each other. The following is that 
of Mr Baker, * A There is no appearance of either 
head, tad, or fins. It moves in every direction, back- 
ward^ forwards, up or down, rolling over and over 
like a bowl, fpinning horizontally like a top, or glid- 
ing along fmoothly without turning ittelf at all 5 fome- 
times Its motions are very How, at other times very 
fwifi ; and when it pleates it can turn round as upon 
an axis very tumble, without moving out of its place* 
The body is transparent, except where the circular 
fpots are placed, which are probably its young. The 
furface of the body in feme is as if ail dotted over with 
little points, and in others as if granulated like fhs- 
green. In general it appears aft if fet round with 
fhori moveable hairs.” Another author informs us, 
that “ they are at flril very fmall, but grow fo large 
that they can be difeerned with the naked eye: they 
are of a yellowiih green colour, globular figure, and in 
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Tlic lute ft lues are but fubftance membranaceous and tranfpnrent: ; and in theMitroftcpe 
mid ft of this fubftance feveral fmall globes may be per- Y 
ceived, Each of thefe are fm alter ammalcula, which 
have alfo the diaphanous membrane, and contain with- 
in themielves ftill fm after generations, which may be 
dlfttnguj filed by means of very powerful glaftes. The 
larger globules may be feen to efcape from the parent, 
and then increafe in fize.” 

This little animal appears like a tranfparent globule 
of a greenifti colour, the fcctus being competed of 
final ler greemfh globules. In proportion to its age it 
becomes whiter and brighter, and moves flowly round 
its axis; but to the microfcope ir» furface appears as If 
granulated, the roundeft molecules fixed in the centre 
being largeft in thofe that are young. The exterior 
molecules may be wiped off, leaving the membrane 
naked* When the young ones are of a proper fize, 
the membrane opens, and they pa fa through the fif- 
fure ; after which the mother mths away. Sometimes 
they change their fpherical figure, and become fiat in 
feveral places. They contain from 3 to between 30 
and 40 globules within the membrane. 

10. The morum, with fpherical green globules in 
the centre. This is found amongft the lemna in the 
months of October and December, and has a flow rota- 
tory motion. The globules feldom move, though a 
flow quivering motion may fometimes be perceived 
among them in the centre. 

j r* The aha, computed of green globules not in- 
doted in any membrane, is found In the month of 
Auguft in water where the lemma polyrririza grows, 

— -It con lifts of a congeries of greenifh- coloured 
globules, apparently of an equal fiste, with a bright 
fpot in the middle ; the whole mate Is fometimes of a 
fpherical form, fometimes oval, without any common 
membrane : a kind of halo may be perceived round It, 
and the mate generally moves from right to left, but 


fcarce any motion can be perceived among the globules 
themfelves. Thefe maftes contain from four to fifty 
globules, of which a folitury one may fometimes be 
teen. Sometimes alfo two maftes of globules have beea 
perceived joined together. 

iz. The vegetans, terminating in a little bunch of 
globules. This is found in river-water in the month 
of November, It confifls of a number of floccofe 
opaque branches invisible to the naked eye ; and at 
the apex of thete is a fmall congeries of very minute 
oval pellucid corpufcles. Muller, who d I tendered this, 
fuppofed it at full to be a fpecies of microfcopic and 
river tertularia t but he afterwards found the bunches 
quitting the branches, and fwTmming about in the 
water with a proper fpontaueous motion ; many of the 
old branches being deferred, and the younger one# 
furolihed with them, 

IV, Enchelis ; 

A Ample, invlfiblc* cylindric worm. 

T, The 'Diridh, or green enchelis, has an obtnfe tniJ* 
the forepart terminating in an acute truncated angle ; 
the Inteftines are obfetire and IndiftinCL It continu- 
ally varies its motion, turning from right to left. 

2. The punB'tfera, having the fore part obtnfe, the 
hinder part pointed. It is opaque, and of a green 
colour, with a fmall pellucid fpot in the fore part. In 
which two black points may be feen \ and a kind oi 

double 
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crofVape double band erodes the middle of the bod y« The 
binder part 13 pellucid and pointed, with an incifum, 
fuppofed to be the mouth, at the apex of the fore-part* 
It is found in marlhes. 

3. The defeSf or gelatinous enehelis, is found, though 
rarely, in au infufion of lemme, and moves very flowJy* 
The body is round, of a very dark-green, the fore-part 
bluntly rounded ofF, and the hinder part fame what 
tapering, but fimfhed with a round end; near the ex- 
tr entities there is a degree of tratifparency. 

4. ThejWfir, with moveable intetiinesj is found in 
water that has been kept for federal month?; it is of an 
egg-fhape, and generally moves v €ry quick, either to 
the right or left* It i» ftippofed to be fnrniftied with 
basis, becaufe when moving quickly the margin ap- 
pears dilated. The body is opt que with a pellucid 
margin, and filled with moveable fpherutes* 

5. "The ferottna* with immoveable in te (lines, is of an 
oval figure, partly cylindrical, the fore-part fmaller 
than the hind, with a black margin, full of gray ve- 
il cu la j molecules: it move? very flowly* 

6. The nelnhfa, with vifible moveable Intcftines, is 
found in the fame water with thecyciidium glaucoma, 
but is much more ferce. The body is egg -fii aped, 
the fore-pat t narrow, and frequently filled with opaque 
confuftd iuteftmes : when moving, it elevates the fore- 
part of the body. It is about three times as large as 
the cydidium glaucoma* 

7. The Jemtnulum is found in water that has been 
kept for Pome days, and moves by afeending and de- 
fending altenatdy# It Is of a cylindrical figure, 
twice as long as broad, the intefiines in the fore-part 
tranfparent, but opaque in the hinder part* Some- 
times it is obferved fwimming about with the extre- 
mities joined together. 

8. The intermedia^ with a black ifh margin, is one of 
the f mailed: animalcules : it has a Iran [parent body, 
without any vifible inte Hines. The fore and hind 
parts are of an equal fize, and the edge is of a deeper 
colour than the reft. Some have a point in the middle, 
others a line palling through it, 

9. The oimlwwy is tranfparentp round, and egg-fhaped. 
A very ftrong magnifier dife overs fome long foldings 
on the fur face, with a few blight molecules here and 
there* 

10. The plrmn , with the hinder part tran [parent, has 
the fore-part protuberant and filled with molecules. 
The hinder part is fmaller and empty, with moveable 
molecular inteftmes* Its motion is rapid, puffing back- 
ward? and forwards through the diameter of the drop. 
When at reft, it appears to have a little fwelling on 
the middle of the body, 

! i. The trmuta was found in an infufion with the 
paramrccia nurelia, and many other animalcules. It 
is among the leaf! of thefe minute creatures, and is of 
a cylindrical figure and gelatinous texture. Its ex- 
tremity appears pointed, and has a tremulous motion, 
fo as to induce a fufpickm that the creature has a rail- 
Two of thefe creatures may at times be fen to ad- 
here together* 

12. The conftrlSa y with a ftriftitre in the middle, is 
found in falt-water, and ts ofaveiy fmall fize, having 
the middle drawn in as if tied with a firing. It is of 
an oval fhape. 

13, The dfiftkaj with a congeries of green mteftinesj 


is found among the green matter on the fiules of veffeta Microfeopi 
in which water has been kept for fome time. It is of i ^ 
a round ifh ftiape, and tranfparent; the fore-part obt ufe, 
the hinder part rather (harp, and marked with green 
{pots. They are generated in fuclv numbeie, that my- 
riads may fometimes be found in one drop, 

14. The fafus, with both ends truncated, was found 
in water called pure, and had a languid motion. The 
body is round and traniparent, with the fore and hind 
parts fome what fmaller then the reft- In the in fide is 
a long and fome what winding intefline, with a bright 
fky- coloured fluid, and feme black molecules tranferfely 1 
fituated* 

* 5 * The friiillust with the fore-part truncated,' is 
found in an infufion of grafs and hay, and runs back- 
ward and forward through the drop with a wavering 
motion. It is one of the molt tranfparent animalcules, 
and has the fore-part obtufely convex, 

16. The eaudaia, with a kind of tail, is but feldam 
met with. The body is grey and tranfparent, with 
globular molecules divided from each other, and difper- 
fed thro 1 the whole ; the fore -part is thick and obtufe, 
the hind part cryftalhne and fro all, the end truncated. 

17. The epifiovihitni with the fore-part {tender and 
round tfi], is among the fmaller animalcula ; the body 
cylindrical and bright, the hind part obtufe, the fore- 
part fmaller, and terminating in a globule, with now 
and then a black line down the middle. 

18. The gemniflia is found in ditch-water where the 
lemna thrives* It has a cylindrical body, the upper 
part running cut into a transparent neck, with a double 
feies of globules running down the body. It moves 
iLwIy, and generally in a ft might Hue* 

19. T he rtfrograda m a vc 3 commonly fide ways, and 
fometimes in a retrograde manner. It has a gel at U 
nous t ran [parent body, thicker In the middle than at 
the ends, without any thing that can be called intef- 
trnes, except a pellucid globule difeverable near the 
hinder part, 

20. The fejllmnsi with obtufe ends, is found in 
fen-water, and has a quick vacilktory motion from 
one fide to the other* The body is round, with the 
fore-part tranfparent. More than half the length of ic 
is without any vifible iiiteHinesj but the lower end 13 
filled with minute vdieular end t ran [parent globules ; a 
large globular veficle is alfo obferved in the fore -part, 

2 1* The farcimen was found by Joblot in an Infufioia 
of blue bottles, moving very {lowly in an undulatoiy 
manner. The body Is cylindrical, about four time* 
as long as broad, truncated at both ends, the in te Hints 
opaque, and not to be difiingulfhcd from one another* 

It form* it fdf into the fhape of the letter by turn- 
ing the two extremities eputrariwife. 

22. The index is found in water wkh the lemna mi- 
nor ; the body opaque, of a grey colour, and long co- 
nical fhape : the lower end is obtufc, one fide projedfe- 
ing like a finger from the edge, with two very fmall 
projections from die lower end. It has the power of 
retrafirn j thefe projections, and making both ends ap- 
pear obtufe. 

23, The twncus, with a kind of head, is the larged 
of this kind of animalcules* The body is grey, long* 
and mucous ; the fore-part globular, the hinder part 
obtufc ; but it can alter its fiinpe con fide r ably* Some* 
times there h an appe?, iancc oT thsee teeth proceeding 
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Mlcrfcfcopc from otic of the fides* Globules of different fizes may 
* be obferved within the body. The creature rolls flow- 
ly about from right to left, 

24, The larva Is long, round, and filled with mole* 
cutes. The fore-part is obtufe and tranfpareni, with 
a kind of neck or fmall contraction formed near this 
end : the lower part is pointed ; and about the middle 
of the body are two fmsll pointed projections like 
nippies, one on each fide, 

25, The jpatttla , with the fore-part tranfparent, and 
of the fhape of a fpatula. It in perfectly cylindrical, 
nryftalline, and marked with fine longitudinal furrows ; 
having generally two tranfparent globules, one below 
the middle, the other near the extremity. It moves 
in a wavering kind of manner, retaining its general 
form, but moving the fpatula in various ways, Muller 
Informs us, that he faw it once draw the fpatula with- 
in the body, and keep it there for two hours* 

26, Th t papula, with the fore-part papillary, is found 
in dunghill water in November and December; it 
has a rotatory motion on a longitudinal axis, and moves 
in an oblique direfUon through the water. Both ends 
are obtufe; and the hinder pan is marked with a 
tranfparent circle, or circular aperture, 

37* The pupa , with a fmall nipple proceeding from 
the apex, has a very flow motion, and rtTembtes the 
former, only that It wants the tranfparent circle, and is 
much larger. It is all opaque but the fore-end, and 
filled with obfeure points* 

V. Vibrio : 

A very fimpte, Invifible, round, and rather long 
worm, 

1. The Itneola Is found in moft vegetable infufions in 
fuch numbers, that it feems to fill up aim off the whole 
of their fubftance* It is fo (mail, that with the beff 
magnifiers we can difeern httle more than ao obfeure 
tremulous motion among them, ft is more {lender than 
the monas itrma, 

2. The rugula is like a bent line ; and fometimes 
draws itfelf up in an undulated fhape, at others moves 
without bending the body at all, 

3. The baautUy equally truncated at both ends, is found 
in an infulion of hay; but Muller mentions the follow- 
ing remarkable Fa£t, W*. that having made two infufions 
of hay in the fame water, he put the hay whole in the one, 
but cut it in pieces in the other: he found in the former 
none of the vibrio bacillus, but many of the monas lens 
and kolpoda cuculkis ; in the latter were many of the 
vibrio, but few of the other, — This is from fix to ten 
times longer than the monas lens, but much more 
{tender* 

4* The unduly is a round, gelatinous, little, undula- 
ting line. This is the animal which Leewenhoecte fays 
is lefs than the tail of one of the feminal animalcules. 
It never appears ffraigkt ; but when at reft it refem- 
bles the letter V, and when in motion the tetter M* 
It commonly reffson the top of the water; fometimes 
it fixes itfelf by one extremity, and whirls round. 

5. The fcrpenS) with obtufe windings or flexures, la 
found in river- water, but feldom. It is {lender, and 
gelatinous, refemblmg a Terpentine line, with an intef- 
tme down the middle. 

6* The fpirilium is exceedingly minute, and twilled 
in the form of a fpiral, which feems to be its natural 
2*9* 


{hape, as it never untwifts itfelf, but moves forward Iti Microtek 
a ilraight line, vibrating the hind and fore parts. It v 11 
was found in 1782 in an mfufion of the fonchus at> 
venfis. 


7, The Dermkuhu has a milky appearance, with an 
obtufe apex, and a languid undulatory motion, like 
that of the common worm. It is found in marfhy wa- 
ter in November, but feldom* It is thought to be 
the animal mentioned by Leewenhoeck as found in the 
dung of the frog and fpawn of the male libdlula. 

ft* The intejlmum is found in marfhy waters, and has 
n (low progreffive motion* It is milk-coloured, with 
two obtufe ends, and four or five fpherical eggs arc 
perceivable at the hinder extremity* 

9. The bipunBatus is found in fetid falt-water, and 
moves flowly ; for the moft part in a ftraight line. 
Tiie body is pellucid, and of a talc-like appearance 5 
both ends are truncated, and in the middle one or 
two pellucid globules placed length wife* 

iq. The tr'fpunflam U alfo tranfparent and talcy, 
with both ends tapering* It has three pellucid glo- 
b : s the middle one of which is largdl, the fpacc 
b -tn them being generally filled with a green mat- 
ter* It moves in a flraight line, backwards and for^ 
wards. 

I 1. The paxiliftr, or flrawdike vibrio, confifts of a 
tranfparent membtfine, with yellow inteftines, and two 
or three vifible points* They are found in parcels to- 
gether from feven to forty in number, and ranged in a 
variety of forms. When at reft, they generally affume 
a quadrangular figure ; and are thought to have fume 
affinity to the hair ride animal defer I bed by Mr Baker, 
and of which an account is given under the article 
Animalcule, n° 3. 

I 2* The hmula f or bow-haped vibrio, refemhtes the 
moon at its fir ft quarter ; it is of a green colour, and 
has from feven to ten globules difpofed in a longitudinal 
direction. 

\ 3* The W'minus is found in great plenty in fait- water 
kept for Tome days till it becomes fetid* It moves 
quickly, and with an undulatory motion, backwards 
and forwards* It is a long tranTparent membrane, 
with the hind part broader than the fore one. Tliefe 
anhmicula feem to be joined together in a very fingu- 
lar manner* 

14, The mali&us is found in great plenty in fpring- 
water, and is alternately at reft and in motion every 
moment ; in the former eate refembling the letter T* 
and in the latter V* It Is a white pellucid animalcule* 
with a globule affixed to the bafe* 

1 5. The acus is in the fhape of a fewing needle ; the 
neck round and partly trail (parent, and marked in the 
middle with a red point ; the tail refembling a fine 
brittle. 

1 6* The fagltfay with a fetaceons tail, has a long and 
flexible body; broadeft about the middle, and filled there 
alfo with grey molecules; the fore-part being drawn 
out into a thin and tranfparent neck, and the upper 
end thick and black. It is found ill fait- water, and 
fee ms to move by contracting and extending its neck. 

17. The gardiutf with a tail terminated by a fmall 
tubercle, was found in an mfufion made with fait 
water. Its fore part throughout about one fixth 
of its length is tranfparent, and furnifhed with an 
alimentary tube of a iky colour ; the lower part be- 
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Mtcroftofe itig bright and pointed, and the middle full of fmall 
globules. 

1 8 . The firpt nluhtt r fo me what pointed at both end s* 
This is found in the iufufions of vegetables which 
have been kept for foznt? weeks. Its body is of a 
whitifh colour, frequently convoluted, and drawn In- 
to different figures. The tail is furni filed with a long 
row of very mirrnte points. 

19. The coluber is found in river water; the tail is 
extremely fmall } and bent fo as to form a con fide ruble 
angle with the body; the month, oefophagua, the 
molecules in the inteftines, and the twill mgs of them, 
are eafily d i fee r tied. 

20* The artguillula is divided into four varieties : l. 
The vinegar eel ; 2. That in pa lie ; 3. That of frelh 
water ; and, 4. That of fait. The two hr 11 are treated 
of under the article Animalcule; the third is ex- 
ceedingly t ran fpa rent, with a few iranfverfe lines upon 
the body, but without any appearance of inteftinea 
Sometimes it has a long row of little globules, and is 
frequently film [filed with two fmall oval ones ; the tail 
terminates in a point. It has been found in the fediment 
formed by vegetables on the tides of veffels in which 
water had been kept for a long time* The fourth va- 
riety appears, when preffed between two glafa plates, to 
be little more than two cryllalUne fidns with a kind of 
inteftines of a day colour. The younger ones are fur- 
niihed with pellucid molecules. 

21. The linter y or ventticofe oval vibrio, with a 
fhott neck, is found among the Imnm , but not very 
frequently. It is among the larger kinds of animal- 
cule b, Ggg*fhaped, pellucid, inflated, and fomewhat 
de preffed at top ; having a moveable ctyfialline neck, 
and the belly filled *ith pellucid molecules. 

2 2. The utrhulm refemhles a bottle ; the belly is 
full of molecular inteftines, the neck bright and clear, 
the top truncated, and fome have a pellucid point at 
the bottom of the belly. It has a conflant and violent 
vacillatory motion, the neck moving very quickly 
from fide to fide. 

23. The fofciola is found in water juft freed from 
the froft, and not often in any other fluid. It Is pel- 
lucid, with inteftines like points in the middle. There 
is fikewife an alimentary canal gradually dimini filing 
in lize. Its motion is very quick. 

24. The tolymbus is larger than many of the other 
fpecies of vibrio, and refembles a bird in lhape* The 
neck, which U a little bent, is round, fhorter than the 
trunk, of an equal fixe throughout, and of a bright ap- 
pearance, with the apex obtufe* The trunk is thick, 
f me what triangular, full of yellow molecules j the 
fore- part broad, the hinder part acute, the motion How, 

25. The jlrtftus has a linear body, being a bright 
membranaceous thread * the hinder part fomewhat 
thicker, round, and tilled with molecules, excepting 
at the end, where there ia a fmall empty pellucid 
fpace* It can draw in the fiender filiform part at 
pleafure. 

26* The (intts 1 with both ends attenuated, and the 
neck longer than the tail, is found in fait water; tho* 
a kind is like wife found in frefh water with a neck 
longer than the other. The trunk of this animalcule 
is oblong, opaque, and filled with molecules ; the 
fore and hind parts are drawn out into a pellucid talcy 
membrane, which the creature can reliant at plea* 
fure. 
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27, The Cygnut is a very pellucid line, crooked at Mkrofeope 

top, fwetling in the middle, and fiiarp at the end ; the “"v - 

middle full of dark coloured molecules and pellu- 
cid inteftinef, It is very fmall, and moves more 

llowly than any of thofe that move and advance their 
necks* 

28, The anfer is found In water where duckweed 
grows. The trunk is elliptic, round, and without 
any inequality on the Tides. I t is full of molecules : 
the hind part fharp and bright ; the fore part produced 
into a bending neck, longer than the body; the apex 
whole and even, with blue canals palling between the 
marginal edges, occupying the whole length of the 
neck ; and in one of them a violent defeent of water 
to the beginning of the trunk is obfervable- It move® 
the body flow, but the neck more briikly, 

29, The olor is found in water that has been kept 
for a long time, and is full of vegetable green matter. 

The body is elliptical and ventrlcofe, the hind part 
fomewhat fharp , and fometimes filled with darkifh mo- 
lecules. The neck is three or four times longer than 
the body; of an equal fixe throughout, and is moved 
very quickly ; but the motion of the body itfelf is flow, 

30. The fahy with a crooked neck, and obtufe hinder 
part, is pellucid and elliptical ; the foie part leffening 
into a little, round, bright neck, nearly as long as 
the trunk. The latter is fomewhat gibbous, and fill- 
ed with very fmall molecules ; and there are two fmall 
bright globules, one within the hind extremity, and 
the other in the middle of the body. The neck of 
this animalcule is immoveable; whence it moves fome- 
thing like a fey the. 

31, The Inkrmedim appears to be an intermediate 
fpecies betwixt the falx and the fafciola. It feems to 
be a thin membrane conffantly folded. The whole 
has a eryllailme talcy appearance ; the middle filled 
with grey particles of different fizes* It has all round 
a diftiiftt bright margin. 

V I . Gycltdium* 

A fimple, invillble, fiat, pellucid, orbicular or oval 
worm, 

1. The bulla i or orbicular bright cydidium. This 
Is found occafionally in an infufion of hay* It is very 
pellucid and white, but the edges fomewhat darker 
than the reft. It moves flowly, and in a femi circular 
diie&ion. 

2. The milliu*n Is very pellucid, and fplendid like 
cryftal ; and of an elliptical figure, with a line through 
the whole length of it. The motion is fwift, inter- 
rupted, and buttering* 

3. The JiuUam Is one of the fmalleft animalcula ; the 
body fomewhat of an oval lhape, with two fmall blue 
fpacts at the fides, 

4. The glaucoma has an oval pellucid body, with 
both ends plain, or an oval membiane with a diftlndfc 
well-defined edge. The inteftines are fo tranfparent, 
that they can fcarce be dilcerntd when it is empty. 

When full, they are of a green colour, and there are 
da rk gl obu 1 c s d i fc o verabl e in the m idd I e. W he n t h e re 
is plenty of water this animalcule moves fwiftly in a 
circular and diagonal direction ; when it moves llowly r 
It ftems to be taking in water, and the inteftinea are 
in a violent commotion* It generates by divifion. 

5. The nigricans is very fmall, pellucid, and fiat, 
with a black margin 

; A 6. The 
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IWkrofeopfl The rofiratium is oval* fmooth, and very pellu- 
v cid* with the fore part running out into an obtufe 
point, with which it feems to fed and examine the 
bodies to which it comes. The in t dimes are hi led 
whh a blue liquor, the colour of which fometimea 
vanlfiies, and then they ftem to be compofed of ve- 
ficles. 

7* The nucleus referable^ a grape feed, the body 
being pellucid and deprefled, the fore part obtuftly 
convex, and the hind part acute* 

8* The hyalinum has a tremulous kind of motion ; 
the body oval, flat, and bright, without any vilible 
inteftines. 

* 9* The pedkulus is fcarce ever feen but on the hy- 

dra pallida, upon which it runs as if it had feet* ft 
is gelatinous and white ; the bottom gibbous over the 
back j the extremities deprdTed and truncated, with 
one end famed me s apparently cloven into two, which 
may be hippo fed the mouth. 

10* The dublum is of an oval fhapc, with one fide 
convex, the other concave ; the margin pellucid, and 
the inner part containing a great number of mole- 
cules* 

VII. Pa^am&ciutii . 

An inviiihle, membranaceous, flat, and pellucid 

worm, 

1* The cmnlia is membranaceous, pellucid, and four 
times longer than it is broad ; the fore part obtufe 
and tranfparent the hind part filled with molecules* 
It has fome what the appearance of a gimlet by reafon 
of a fold which goes from the middle to the apex, 
and is of a triangular figure* It moves in a rectilinear 
and vac i lkt cry Manner* It is found in ditches where 
there is plenty of duckweed, and will live many 
months in the fame water without any renewal of the 
latter. 

2* The chry/alh is found in fait water, and differs 
very little from the former, only the ends are more 
obtufe, and the maigins are nlhd with black globules, 

3* The *u£rfutum is found In ditches, and has an ob- 
long, green, and gelatinous body, filled with mole- 
cules ; the lower part thicker than the other ; and 
both ends obtufe. It propagates by divilioTU 

4* The ovifervm is membranaceous, oval, grey, and 
pellucid, with many oval corpuscles difperfed through 
the body. 

5* The marginatum is Hat, elliptical, and every where 
filled with molecules, except in the lower end where 
there is a pellucid veficle, It is {unrounded by a broad 
double margin, and a bright fpiral inteftine is obfer- 
<able. 

VIII, Xoffoth^ 

An in vifible, pellucid, flat, and crooked worm* 

1, The lamella is very fddom met with. It refem* 
bles a long, narrow, and pellucid membrane, with the 
hind part obtufe* narrower, and curved towards the top* 
It has a vacillatory and very Angular motion \ going 
upon the fharp edge, iu on the flat fide as Is ufual 
with microfcopic animals. 

2* The ga/lmula is found Ir> fetid fait water \ and 
has the apex fomewhat bent, the belly oval, convex, 
and ftriated. 

The r&Jrum is fouu d though feldoi% in water 


where the femna grows ; and has a flow and horizon - Microfcepa 
tal motion. The fore part is bent into a kind of — "V 
hook ; the hind part obtufe, and quite filled with 
black molecules* 

4* The ochrea is deprefled* membranaceous, and 
flexible ; one edge nearly ftraight ; the other fome what 
bent, filled with obfeure molecules, and a few little 
bladders difperfed keie and there* 

5, The mmron&ta is a dilated bright membrane; the 
apex an obtufe point, with a broad marked border 
running quite round it* It is filled with grey mole- 
cules within the margin, and has a truncated appear* 
ance* 

6, The trlquetra was found in fait water, and ap- 
pears to con fill two membranes ; the upper fide flat- 
tened, the lower convex, with the apex bent into a 
kind of {boulder* 

7, The Jlrmta Is likewlfe found in fait water, and 
is very pellucid and white, with the upper part ra- 
ther bent, and terminating In a point j the lower part 
obtufdy round : there is a little black pellucid whole 
at the aptx ; and with a very great magnifying power 
the body appears covered with long ftreaks. 

8* The nucleus is of an oval fhape, with the vertex 
pointed, and of a brilliant tranfparenty, by which the 
vifeera are rendered vifible. Thflfc con fill of a num- 
ber of round diaphanous veficles* 

9, The mdeagru has a dilated membrane, with very 
fine folds, which it varies in a moment. The fore 
part of the body to the middle is clear and bright; the 
hind part van on fly folded in tmifverfe and elevated 
plaits and full of molecules* Beneath the apex are 
three or four teeth ; but in fome the edge is obtul'dy 
notched, and fet with fmaller notches* In the bin- 
der part are 1 2 or more equal pellucid globules* 

fa. The ajftmUis Is found on the fea-coafl, and 
has an elliptic mafs In the middle, but is not folded 
like the former* The margin of the fore part is 
notched from the top to the middle ; the lower part 
fwells out, and contracts again into a final! point. 

11. The cucullus is found in vegetable infu lions, and 
in fetid hay ; moving in all directions, and commonly 
with great vivacity. It is very pellucid* and has a well 
dt fined margin, filled with little bright veficles differ- 
ing in fize, and of no certain number. Its figure io 
commonly oval, with the lop bent into a kind of beak? 
fometimes oblong, but moil commonly obtufe* it 
has in the in fide from 8 to 24 bright little veficles 
not dlfcernible in fuch as are young. Some have fup * 
pofed thefe to be animalcules which this creature hafr 
fallowed ; but Mr Muller is of opinion that they 
are its offspring* When this creature is near death 
by reafon of the evaporation of the water, it pro- 
trudes its offspring with violence. From fome cir- 
cumitances it would feern probable chat this animal- 
cule ca(b its ifcin* as ts the cafe with fome inft&s* 

12* The cucuilulus is found in an infufion of the 
fonchus arvenlis* It is very pellucid and cry flail ine p . 
with feveral globules, and has an oblique inriffon a 
little below the apex- 

13* The cuctdio is elliptical* flat on the upper fide.* 
and convex on the under j the fore part is clear, and 
from the m iddle to the hinder part is full of filverdike 
globules* It frequently ft retches out the fore part*, 
and folds it ia dilerejit pofiuons. 


14. Th* 
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M'Cfofcope 1*4. The rm, or crajfa y is found Inan infufion of hay* 
w v ' commonly about 13 hours after the infufion is made, 
and has a quick and vacillatory motion. Its body is yel- 
low, thick, and fomewhat opaque ; curved a little in 
the middle, fo that it refembles a kidney ; and full 
of molecules. When the water in which it fwlms is 
about to fail, it takes an oval form, is comprefFed, and 
at laft bur lb. 

I The pi rum has an uniform and tranfparent body, 
without any ferfible inequality ; and is of a pale co- 
lour, with obfeure little globules. It propagates by 
divifiom 

16, The ettnevs is white, gelatinous, and without 
any diHm£t viscera ; having a bright ftriated pellucid 
pu flute on ore fide of the fore part. The apex has 
three or four teeth ; and it can bend the hinder part 
*nto a fpiral form* 

IX. Gonitmt. 

An in 7 ifiblc f hmple, feiooth, and angular worm. 

1. The pe 3 ora!e is found in pure water, and moves 
alternately towards the right and left. It is quadran- 
gular and pellucid, with 16 fpherical molecules of a 
gr<*enifh colour, fet in a quadrangular membrane, 
like t lie jewels in the breaft-plate of the high-pritft, 
refle<!fting light ou both Jides. ,, 

2. The pul'vinaium is found in dunghills | and ap- 
pears like a little quadrangular membrane, plain on 
both Tides .' but with a large magnifier it appears like 
a bolfter formed of three or four cylmdric pillow s funk 
here and there. 

3. The corrugatum is found in various kinds of in- 
fuftons; and is fomewhat of a fquare Ihape, very fmall, 
and in fome pofitionB appears as {freaked. 

4. The reBangulttm differs but little from the for- 
mer r the angle at the bafe is a right one ; the larger 
veficle is tranfparent, the red green. 

5. The trvncatum is found chiefly In pure water, 
and then but fddom. It has a languid motion, and 
is much larger than the foregoing. The fore part is 
a ft might line, with which the fides form obtufe 
angles, the ends of the Tides being united by a curved 
line. The internal molecules are of a dark green, and 
there are two little bright vcficles in the middle* 

X* Burfarta . 

A very fimple, hollow, membranaceous worm. 

t. The truncaieUa is vifible to the naked eye ; white, 
oval, and truncated at the top, where there is a large 
aperture defeending towards the bafe. Moft of them 
have four or five yellow eggs at the bottom. They 
move from left to right, and from right to left ; 
afeending to the fur face in a flraight line, and fome- 
limes rolling about while they defeend. 

2. The bulftna is pellucid and cryftalline, having 
fplendid globules of different fizes fwi mining about 
with it. The under fide is convex, the upper hol- 
low, with the fore part forming a kind of lip. 

3* The kirtmdineUa has two fmall projecting wings, 
which give it fomewhat of the appearance of a bird ; 
and it moves fomething like a f wallow* It is in vi- 
able to the naked eye ; but by the microfcope appears 
a pellucid hollow membrane. 

4. The duple l la was found among duckweed, and 
appears like a cry d alii ne membrane folded up, with- 


out any vifible inUftines except a fmall cangeries of Microiewp* 
pomts under one of the folds. 

5. The globma has a roundifh fhape, and is hollow j 
the lower end being furmfhed with black molecules 
of different fizes, the fore part with obfeure points, 
the r eft entirely empty, and the middle quite tranfpa* 
tent. It moves very flowly from right to left. 

XT. Ccrcaria* 

An in vifible tran (parent worm with a tail, 

1. The gyrinui greatly refembles the fpermatic am* 
malcules. It has a white gelatinous body ; the fore 
pa it fomewhat globular ; the hind part round, lon^. 
and pointed. Sometimes it appears a little comprehWl 
on ea?h fide* When fwimming it keeps its tail u< 
continual vibration like a tadpole. 

2. The^i^z is found in the infufions of hay and 
other vegetables ; and is fmall, opaqua, gelatinous, 
white, and without any vifible inteffcines. 

3. The inquhta is found in fait water, and is remark- 
able for changing the fhape of its body : fomcrimes it 
appears fpherical, fometimes like a long cylinder, and 
fometimes oval. It is white and gelatinous, the tail fili- 
form and flexible, tlie upper part vibrating violently. A 
pellucid globule may he obferved at the bafe, and tw® 
very fmall black points near the top, 

4. The hmna varies its form fo much, that it might 
be miftaken for the proteus of Baker, deferibed under 
the article Animalcule ; though in fadb it is totally 
different. The body fometimes appears of an oblong, 
fometimes of a triangular, and fometimes of a kidney 
lhape. The tail is generally fhort, thick, and adu- 
lated I but fometimes long, flexible, cylmdric, and 
without rings ; vibrating, when ftretched out, w r ith 
fo much velocity, that it appears double* A fmall 
pellucid globule, which Muller fuppofes to be its mouth, 
is obfervable at the apex ; and two black points not 
eaiily difeovered, he thinks, arc its eyes. Sometimes it 
draws the tad entirely into the body. It walks flowly 
after taking three or four fteps, and extends the tail, 
erecting it perpendicularly, fliaking and bending It ; 
in which ft ate it very much re fe rubles a leaf of the 
lemna. 

5. The turhoi with a tail like a brittle, is found 
among duckweed. It is of a t a Icy appearance, partly 
oval and partly fpherical ; and feems to be compofed 
of two globular bodies, the lowermoil of which is the 
fmallefl, and it has two little black points like eyes 
on the upper part. The tail is fometimes ilraight, 
fometimes turned back on the body. 

6. The poduria is found In November and Decem- 
ber, in marfhy places covered with lemna. It is pel- 
lucid; and feems to con fill of a head, trunk, and tad ; 
the head rcfembles that of a herring ; the trunk is 
ventricofe and full of inteftines, of a fpiral form and 
black colour. The tail moft commonly appears to be 
divided into two bri files. The inteftines are in a con- 
tinual motion when the body moves, and by reafon of 
their various fhades make it appear very rough. There 
are likewlfc fome hairs to be perceived. It turns round 
as upon an axis when it moves. 

7. The viridis is found in the fpring in ditches of 
{landing water ; and in fome of its ftates has a confi- 
derable refemblance to the laft, but has a much great- 
er power of changing its Ihape. It is naturally cy- 
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Mkrofcope h^dncal, the lower end ftiarp, and divided Into two 
parts ; but fometiines contracts the head and tail fo 
as to a flume a fpherical figure* 

8. The fdljera Is found in fait water, but feldom* 
It h fmall T the body rather opaque, and of a round 
figure* The upper part is bright, and fmaller than 
the red: the trunk Is more opaque ; the tail (harp, 
and near it a little row of hurt hairs. It has a flow 
rotatory motion, 

9. The h'trta was like wife found in fait water. It 
is opaque and cylindrical ; and when in motion, the 
body appears to be fnrrounded with rows of fmali 
hairs feparated from each other, 

10. The erumena has a ventricofe, cylindrical, thick, 
and wrinkled body ; the lower part fmali \ the upper 
part terminating in a fmali flrait neck like that of a 
pitcher j the tail linear, and terminating in two- di- 
verging points, 

ir. The calellus has a moveable head fixed to the 
body by a point. The abdomen is twice as long as 
the head, full of inteftines, and has a tail {till nar* 
rower, and terminating in two bri files which it can 
unite and feparate at pleafure. It moves brifldy, but 
without going far from its firft place. 

12. The catelma was Found in a ditch where there 
was plenty of duckweed. It is larger than the pre- 
ceding, and has a thicker and more cylindrical body; 
the lower part truncated, with two fhort diverging 
points proje&mg from the middle* 

13 . The lupus is found in water among duckweed, 
and is larger than mod of the genus- The head is 
larger than the body ; the apex turned down into a 
little hook ; the tail h like the body, but narrower, 
terminating in two very bright fpines, which it ex- 
tends in different directions. Sometimes k contracts 
into one half its common fize, and again extends lifclf 
as before. 

14. The *verrmcuJctris is long, cylindrical, flefhy, and 
capable of changing its fhape. It iS divided into eight 
or nine rings or folding plaits j the apex either ob- 
tufe, or notched Into two points ; the hinder part ra- 
ther acute, and terminating in two pellucid thorns, 
between which a fuelling is fometiines perceived. It 
often projects a kind of cloven probofeis from the In- 
rilion at the apex. It Is found in water where thete 
is duckweed. 

15. Th efordpaia is Found in marfiiy places, is cy- 
lindrical and wrinkled, with a forked probofeis which 
it can thru ft out or pull in. 

16. The phuroneEUs Is found in water which has 
been kept for feveral mouths- It is membranaceous, 
roundrfh, and white, with two biackifh points In the 
fore part, the hinder part being furmfhed with a len- 
der fharp tall It has orbicular inteftines of different 
fizes In the middle $ the larger of them bright* The 
motion is vaelllatory ; and in fwimming It keeps one 
edge of the lateral membrane upwards, the other fold- 
ed down* 

17. The tripos is flat, pellucid, triangular, having 
each angle of the bafe or fore part bent down into tw o 
linear arms, the apex of the triangle prolonged into 

tail. It is found in fait water. 

18. The cydidlum is frequently found In pure wa- 
ter, and has an oval, fmooth, membranaceous^ pdlu* 


cid body with a black margin. The tall Is concealed Mkraftope 
under the edge, and comes out from it at every mo- ■ —y— 
t!on,but in fu,ch a manner as to projt£f but little from 
the edge* There Is alfo a kind of border to the hin- 
der part. 

19* The ttnax appears like an oval pellucid mem- 
brane, fortieth Eng larger than the monas lens, Ttic 
fore edge Is thick and truncated ; the hinder part 
acute, and terminating in a fhort tail. It whirls about 
in various directions with great velocity. 

20* The difim is a fmali orbicular animalcule, with 
a bent tail. 

2i* The orbis is round, and has a tail confifting of 
two long briftles. 

22, The luna is like wife round, and has the fore- 
part hollowed into the form of a crefeent. 

XII* Itcucophra, 

An Inviftble, pellucid, and ciliated worm, 

1 . The conflict or ^ with moveable inteftines, is perfe&ly 
fpherical and femkranfparent, of a yellow colour, the 
edges daik. It rolls from right to left, but feldom 
removes from the fpot where it Is firft found* It is 
filled with a number of the moil minute molecules, 
which move as if they were in a violent conflict ; and 
in proportion to the number of thefe little combatants 
which are accumulated cither on one fide or other, 
the whole mafs rolls either to the right or left. It 
then remains for a little time at reft, and the conflict 
ceafes ; but it foon becomes more violent, and the 
fphere moves the contrary way in a fpiral line. 

When the water begins to fail, they affume an oblong, 
oval, or cylindnc figure ; the hinder part of fome be- 
ing compreffed into a triangular fhape, and the tranf- 
parent part efcaping as it were from the inteftines, 
which continue to move with the fame violence till 
the water falls, when the molecules ftioot into a fhape- 
lefs mafs, which alfo foon vaniflies, and the whole af- 
fumes the appearance of cryftals of fal ammoniac. 

2* The mantilla is of a dark colour, and filled with 
globular molecules ; fhort hairs are curved inwards; 
and it occafionally proje&s and draws in a little white 
protuberance- It is pretty common in marfhy water* 

3. The ylrefcens is a large, pear-fhaped, greenifh- 
coioured animalcule, filled with opaque molecules, and 
covered with fhort hairs j generally moving in a ftralght 
line. It is found in fait water* 

4* The viritlis is much fmaller than the former, and 
cannot lengthen or fhorten itfelf as it does, Some- 
times it appears contracted in the middle, as if it were 
to be divided in two. 

5. The burjata is found in fait water, and is fimllar 
in many refpefts to the former. It is of a long oval 
fhape, bulging in the middle, and filled with green 
molecules, every where ciliated except at the apex, 
which is truncated and fhaped fomewhat like a purfe; 
the hairs are fome times collected into little fafcicles. 

6. Thepqfthuma is globular, and covered as it were 
with a pellucid net ; is found in fetid fait water. 

7. The aurea is yellow, oval; has both ends equally 
obtufe ; little hairs difeovered with difficulty ; and has 
in general a vehement rotatory motion. 

8. The pertufa h found in fait water; and is gela- 

tinous 
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Wicrnfeope ikons and f mailt without any molecules. The fore- 
*■— V™’' part is truncated* the hind-part brought nearly to a 
point, with a kind of oval hole on one tide. 

9* The fraftu \$ long, with finuated angles, white, 
gelatinous, and granulated, changing its form con fidcr- 
ably, 

10. The Mat at a appears like a gelatinous membrane, 
with a few grey molecules in the fore -part, and a great 
number in the hinder part. It is fometimes dilated 
into a triangular form with finuated Tides ; at other 
times the fhape is more irregular and oblong. 

it. The fcintlUans was found in December among 
the letter lemme* It is of a green colour, oval, round, 
and opaque* It is fuppofed to be ciliated from its 
bright twinkling appearance, which probably ariks 
from the motion it gives the water. 

The T ucftcul\fcra Is oval, very pellucid, with a 
defined dark edge and Infid e, containing foine very 
bright bladders or vdicles# The middle frequently ap- 
pears blue, and the veficks appear as if fet in a ground 
of that colour. 

13. The globulifera was found in a ditch where the 
Icmna minor grew. The body is round, very pellu- 
cid, without molecules, but with three little pellucid 
globules, and every where fet with Chart hairs* 

14. The pujlulata is found in marthy waters ; and is 
white, gelatinous, and fomewhat granulated ; the lower 
part truncated as if an oblique fed ion were made in 
an egg near the bottom. It is covered with little 
cred fhtning hairs, and at the lower exticmky a few 
bright puitulcs may be difeovered. 

15. The turhmala is found In {linking fait water 
and is round, pellucid, fomewhat of the fhape of an 
acorn, with a pellucid glbuk at the lower end. 

16. The acuta is found in fait water, and is ge- 
latinous, thick, capable of a (Turning, different fhapes ; 
having the apex bright, and the roll of the body filled 
with little fpherules. Sometimes it draws itfelf up 
into an orbicular fhape, at others one edge is finuated. 

17. The nohiia is oval, round, and has a black point 
at the edge. 

18. The Candida is found in fait water; and is 
membranaceous, Hat, very white, with no vlfible 1 ci- 
te ftines except two oval bodies not eattly perceived* 
The whole edge is ciliated, 

i eg The nmlulata is oblong and oval, with a double 
row of little nodules. 

20* The flgnata is common in fait water In the 
months of November and December. It is oblong and 
fubdepreffed, with a black margin filled with little 
molecule^, but more particularly dittinguifhed by a 
curved line in the middle fomewhat in the fhape of 
the letter S ; one end of which is fometimes benL into 
the form of a final) fphat* 

21. The trlgona 13 found In marfhes, but not com- 
monly. It is a yellow triangular mafs filled with un- 
equal pellucid vdkics, one of which ia much larger 
than the rett, and the edge furrounded with fhurt flue* 
tuati ng hairs. 

22. Flit Jlulda is fomewhat of a kidney fhape, but 
ventneofe. 

2 3 T h e Jltixa i s vc n I for m and fi n u at c d , 

24, The nrmdia is round and annular. 

25. The Co rust a Is of the fiupe of an inverted cone, 
opaque, and of a green colour* This requires to be 
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obferved for fume time before we can a fee r tain its cha- Mlerofoope 
racers. The body is com po fed of molecular vettcles; '*“v — * 
the fore part is wide and truncated, with a little pro- 
minent horn or hook on both Ikies; the hind part be- 
ing conical, every where ciliated, and the hairs ex- 
ceedingly minute ; thofe in the fore part are three 
units longer than the former, and move in a circular 
direction The hinder part is pellucid, and fomet Idles 
terminates in two or three obtufe pellucid projections- 
At one time this animalcule will appear remform and 
ciliated on the fore part ; but at another time the 
baiis are concealed. It diflolves into molecular velldes 
when the water evaporates. 

26, The bsterodita appears to the naked eye like a 
white point ; in the microfeope as a cylindrical body, 
the fore part pbtufdy round, the middle rather drawn 
in ; the lower part round, but much fmalkr than the 
upper part. It appears wholly ciliated through a large 
magnifier* 

XIII, Ttichoda , 

An invifible, pellucid, hairy worm, 

T. The grandlndla is a very fmall pellucid globule,, 
with the intettines fcarce vlfible, the top of the fur- 
face furmfhed with feveral fmall briftles not eafily dil- 
coverable, as the creature has a power of extending 
or drawing them back in an inftant. It is found Ir, 
pure water as well as in infufions of vegetables. 

2. The comet a Is a pellucid globule filled with bright 
intettines, the fore part furniflied with hairs, the hind 
part with a pellucid globule. 

3. The granata re fe mbits the two former; and has 
a darkiih nucleus in the centre, with fhort hairs on the 
edge. 

4. The Irochus is fomewhat of a pear fhape, and 
pellucid ; each fide of the fore part being dittinguifhed 
by a little burch of hairs* 

5. The gynnus is one of the fmalktt of this genus, 
and is found in fait water. It is fmooth and free from 
hairs, except at the fore part, where there are a few. 

6. ThejW is fmall, globular, and cryflalhne ; befet 
every where with diverging rays longer than the dia- 
meter of the body ; the infide full of molecules. The 
body contracts and dilates, but the creature remains 
confined to the fame fpot* It was found with othei 
animalcules in water which had been kept three weeks* 

7. The folans Is orbicular, bright, and filled with 
globular intettines, frequently having in it a moveable 
fub fiance of the fhape of the letter 3 . It has hairs 
feldom exceeding 1 7 in number, fet round the circum- 
ference, each of them nearly equal in length to the 
diameter of the animalcule. 

8. The bomba is of a yellow colour, and full of clay- 
like molecules* It moves with fuch velocity as to 
elude the fight, and appears of various fhapes, feme* 
times fpheneal, fomelimcs kidney- fhaptd, &c. 

9. The orbit is compofed of vellcular molecules £ 
is of a fp hemal figure . fmooth, pellucid, and a little 
notched in the fore part* The notched part is filled 
with long hairs, but there are none on the reft of the 
body. 

JO. The urnula is membranaceous, pellucid, fome- 
what in the form of a water pitcher, with the fare 
part hairy. It moves but {Jowly* 

11* Th ediota k of a day-colour, and filled with 

molecules ; 4 
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r " molecules ; the upper part cylindrical and truncated, 
the lower part fpberical, the upper part of the mouth 
hairy at the edges* 

1 2, The borrida is fomewhat of a conical (hape, tTis 
fore part rather broad and truncated, the lower part 
obtufe, and the whole covered with radiating Whiles, 

1“ 3 , The ttrinarium is egg-fhaped, with a Ihort hairy 
beak. 

t 4 + The femihma is fmuoth, pellucid, and fhaped 
I ke a ere fee nt, 

15* The trtgona is of a triangular fhape, a little 
convex on both Tides, the fore part acute and ciliated, 
ihe hind part broader, and having the extremity as it 
vs’.ere gnaw ed off. 

16, The tinea is round, not very pellucid, narrow 
in the fore part, and refembling an inverted dub, 

17, The nigra was found in fait water, and has an 
opaque body ; but when at re it one fide appears pellu- 
cid. When in violent motion, It Teems entirely black, 

1 8, The^W Is found In water where duckweed 
grows, chiefly in the month of December. It has a 
bunch above the hind part marked with black fpots, 
deprefftd towards the top, a little folded, and Tome* 
what convex on the under part. The apex is furnifh- 
ed with hairs, but they are felddm villble till the crea- 
ture is in the agonies of death, when it extends and 
moves them vehemently, and attempting as it were to 
draw in the very fall drop of water. 

19, The JIoccus is membranaceous, the fore part ra- 
ther conical, with three final! hairy papillae proje&ing 
from the bale* 

20, The fmnaia is found in river water. It is 
oblong and depreffed, with one margin hollow and 
hairy, and the lower end obtufe. It is of a yellow 
colour, and the hollo w edge ciliated, 

2j. The precept h pellucid, the fore part formed 
into a kind of neck ; ©tie edge riling into a protube- 
rance like a humpback, the other edge convex, 

22, The preieus Is that which Mr Baker diftin- 
gulfhes by the fame name, and of which an account 
is given under the article Animalcule* It is 
found in the filmy matter adhering to the tides of 
vclTris in which vegetables have been infufed, or ani- 
mal fubftances preferred. That deferibed by Mr Adams 
was difeovered in the filme produced from the water 
where fmall fifties, water- fuails, &c. had been kept. 
The body refembled that of a fnail, the fhape being 
feme what elliptical, but pointed at one end, while from 
the other proceeded a long, flender, and finely pro- 
portioned neck, of a fize full able to the reft of the 
animal. 

23, The werfattlis lives in the fea, and 1 ms fome re- 
fcmblance to the proteus ; but the neck js fhorter, the 
apex lefs fpberical, and the binder part of the trunk 
acute, 

24, The gihba is pellucid; the upper part f welled 
out, with numerous molecules, and three large globules 
on the infide. The ends rather Incline downwards ; 
and when the water begins to fall, a few minute hairs 
may be difeovered about the head and at the abdomen; 
the body then becomes filiated longitudinally. 

25, The foeta fomewhat refemblcs a rolling-pin in 
fhape ; has both ends obtufe, and one fhorter than the 
other* It can draw in the ends, and fwdi out the 
fides, fo as to appear aknoft fpherical. 


26, The patens Is found in fait water; and h of aMicrsfiupe 
long cylindrical fhape, filled with molecules, the fore- — 
part bright and dear, with a long opening near the 

top which tapers to a point, and is befet with hairs. 

27, The patula Is vcntricofe, rather inclining to an 
oval figure, with a fmall tube at the fore part, the up- 
per part of which is hairy* 

28. The foveata is oblong and rather broad, with 
three little horns on the fore part. 

29. The Jlriata is found in the month of Decem- 
ber in river- water* It is a beautiful animalcule, of a 
fox colour. It is of an oblong fhape, the lower end 
fomewhat larger than the other It has a [et of ftreaka 
running from one end to the other, and at the abdo- 
men a double row of little eggs lying in a trail fveife 
diredlon, 

30, The uvula is found In the infufion of hay and 
other vegetables. It is fix times longer than broad, 
round, ffexuous, of an equal fize, the greater part filled 
with obfeure molecules ; the fore part rather empty, 
with an alimentary canal and lucid globules near the 
middle. The margin of the fore part is covered with 
fhort hairs. 

31, The auranlta is of a gold colour, pellucid, and 
filled with veAcles. 

32. Tile ignita is of a fine purple colour, with fome- 
thing of a reddifti cafl t pellucid, fplendid, with a num- 
ber of globules of different fizes ; the fore part fmall, 
the hinder part obtufe, with a very large opening which 
feerus to run through the body, 

33* The prifma is very fmall, and fo tranfparent that 
it cannot eaiily be delineated. It is of a - Angular 
fhape ; the under part being convex, the upper com* 
preffed into a kind of keel, and the fore part I'm all. 

34. The forceps is found about the winter fblilice 
in water covered with iemna. It Is of a yellow colour, 
large, fomewhat tranfparent* and filled with mole- 
cules, with a large opaque globule in the lower part. 

The fore part is divided into long lobes, one of which 
is falciform and acute, the other dilated and ob- 
liquely truncated. It can open, fiiut, or crofs, thofe 
lobes at pleafure ; and by the motion of them it ap- 
peal s to fuck in the water, 

33. The forfex is found in river water. It has the 
fore part formed into a kind of forceps, one of which 
is twice as lung as the other, hooked and ciliated. 

36* The index is found in fait water* and has the 
under part of the front of the margin hairy; the apex 
is formed by the fore part projecting like a finger on 
a diredion port. 

3 7 . The trkhoda is «f a yellow colour, formed of 
two pellucid membranes ftriated longitudinally ; the 
lower end obliquely truncated, and the two extremities 
bent in oppoiite di regions, 

38. The naincula has three corners; the fore part 
truncated and ciliated, the hind part acute and bent a 
little upwards. It has a crystalline appearance, and a 
kind of longitudinal keel runs down the middle. 

39, The fuccifa is of a flattened oval fhape, the edge 
hairy, and hollowed out in fueh a manner as to form 
two unequal legs* 

40* The fukata is ovated and ventricofe, the apex 
acute, with a furrow at the abdomen, and both lides of 
it ciliated, 

qj* The mas is found in pure water ; and is finooth* 

five 
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MUfofcopc five times bfoadtr than it is long, lilted with darkifh 
molecules* It has a bright neck, under the top of 
which are a few unequal hairs* It moves but lan- 
guidly* 

42. The barbala is round, fo me what linear, with 
both ends obtufe ; the fore part narrower, form in g is 
it were a kind of neck, under which is a row of fluc- 
tuating baira* The trunk is full of grey molecules, 

43* The farcimm is long, round, pellucid, and co- 
vered with very minute hairs, and has a great number 
of mucous vcficles about the body, 

4P The crinlia is long, round, every where ciliated 
on the upper part, and the under patt llkewife hairy 
as far as the middle, 

45, The angidas is long, in ore convex than molt of 
the genus, divided by a kind of articulation in the 
middle into two parts equal in breadth, but of differ- 
ent lengths; the apex has /hort waving hair, 

46, The l inter is found in an infufion of old grafs. 

It is egg-fhaped, oblong, with both ext rerni ties laifed 
fo that the bottom becomes convex, and the upper p^rt 
depreffud like a boat : it is of different (hapes at diffe- 
rent ages, and fome times has a rotatory motion* 

47. The paxlllus is found in fait water ; and is long, 
full of grey molecules; the fore part truncated and 
hairy, and rather {mailer than the other* 

48. The vennkularis is found in river water; and is 
pellucid in the fore part, with the hind part full of 
molecules* 

49, The melii&a Is found in fait water, but very rare- 
ly* It is oblong, ciliated, with a globular apex, a di- 
latable neck, and a kind of perilhiltic motion per- 
ceivable within it* 

50, The Jimbriata is fubovated, the apex hairy, the 
hindtr part obliquely truncated and fer rated. 

51. The camehts is found but rarely in vegetable in- 
ful] ons, and moves in a languid manner* The fore 
part is vent r ico fe ; the back divided by an incifiem in 
the middle into two tubercles ; the lower part of the 
belly finuated. 

52. The augur is oblongs depreffed, pellucid, and 
filled with molecules: the vertex is truncated, the fore- 
part forming a fmall beak with three feet underneath; 
beyond which, toward the hinder pare, it is furnilhed 
with br iftles* 

53* The pupa is roundsfh, pellucid, and con fills of 
three parts* The head is broad, and appears to be 
hooded, the lop being Furnifhed with very fmall hairs; 

©n the lower part of the head is a trail {parent vehicle, 
and over the breaft from the bafe of the head hangs a 
production refembiing the fheath of the feet in the pupa 
of the gnat. 

54. The lunarh is round and cryftallme; the hinder 
part fmaller than the other* The edge of the back 
and the part near the tail are bright and clear. It 
bends it fell into the form of an arch* 

55* The bilunk is arched and flattened with an hairy 
apex* and two little bridles proceeding from the tail* 

56* The rattus is oblong, with a kind of keel ; the 
forepart hairy, and a very long brittle proceeding from 
the hinder part* 

57* The tlgrlx refcmbles the former, but differs in. 
the form of the tail, which confifls of two bridles, and 
like wife In having a kind ©f incilkm la the body a 
little below the apes* 
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58. Tin? perlUum la frequently found in marftiea. It 
is cylindrical, pellucid, mufcular, and capable of being " r mm ^ J 
folded up. It appears double; the interior part full 
oi molecules, with an orbicular mufcular appendage, 
which it can open and flint, and which forms the 
mouth* The external part is membranaceous, pd lu- 
cid, dilated, and marked with tranfverfe ilreaks ; ami 
it cun protrude or draw in die orbicular membrane at 
plerffure* Some have four articulations in the tad, 
others five; and it has two pairs of bridles, one placed 
at the fecund joint, the other at the la II* 

59* The c/avra has a conlidcrable refemblauce to a 
common nail ; the fore part is round and hairy, the 
hinder part terminating in a fharp tail. 

60. The cor nut a Is membranaceous, elliptical. Full 
of molecil&j the fare part lunated, the other round, 
and terminating in a tail as long as the body. 

6r* The gallina is found in river water. It Is of 
a grey colour, flat, with feven large molecules and glo- 
bules within it; the front obtufe, fet with hairs; the 
hinder part terminating in a tad formed of very tine 
hairs. 

62* The wtijcultif is found in the infulloas of hay 
which have been kept for Come months. It is fmooth, 
egg-ihape< 3 , with a double margin drawn underneath 
it; the foie part narrow, and furnilhed with fliort hairs 
which continually play about ; having a fmall tail un- 
derneath. It moves flowly, and Is furnilhed with 
molecular intettioes, 

63, The delphh is found in river water* It is fmooth, 
pellucid, having the fore part dilated into a fern [circle,, 
gradually decreafing Ln breadth towards the tail. The 
front is hairy, the hairs {Landing as rays fiom the 
fernicircular edge; one of the edges is (bine times con- 
tra died. 

64* The delphlnus is found in hay that has been 
infufed for fome months. It is pellucid, fmooth, and 
egg-fhaped; the hinder part terminating in a tail about 
half the length of the body, dilated at the upper end,, 
truncated, and always bent upwards. It moves foiue- 
times on its belly and fometlmes on its fide* 

65. The ciava t or dub tricked a, has the fore part, 
thick, but the hinder part narrow; both extremities- 
obtufe, pellucid, and replete with molecules ; the hind, 
part bent down towards the middle. 

66* The cumcuius if oblong, the fore part hairy, the 
hinder part rather acute, and tilled with molecules and 
black vehicles. 

67. The fells is large and curved, the fore part fmall,, 
the hinder past gradually dimimfhlng Into a tail, the 
under part be fet vrith hairs longitudinally. 

68* The fifth Is oblong, the fore part hairy, the' 
hind part terminating in a very Header tail. It fsr 
fmooth, pellucid, much longer than broad, and filled 
with yellow molecules ; the fore part obtufe, the hin- 
der part extremely {lender and tranfparem, the upper 
fide convex. 

69, The la r its is long,, round,, befet with hairs, and 
has the tall divided into two points* 

70* The langlcauda Is cylindrical; the fore part trun- 
cated, and beltt with hairs ; the tall long, furnifhed 
with two brilUes, and having two joints. 

71. Thejfcw* has the circumference fet with hairs^ 
and a little folitary pedicle projecting from the body- 

72* The inquilinvs h fhea tiled within a cylindrical! 

ft, tranfgarejia 
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M"crorc6p5 tranfparent bag, having a little pedicle bent back with* 

u " r v' ta '"~ In the bag. 

73. The ingemta is fheathed In a depreffed bag, 
broadeft at the bafv. The animalcule itfelf is funnel- 
fhaped, with one or more hairs proceeding from each 
fide of the month of the funnel. It can extend or 
con t raft itfelF within the bag, fixing its tad to the 
bale, without touching the fide®. It is found in fait 


water, 

74. The innate Is fheathed in a cylindrical bag, with 
a pedicle pafllng through and projecting beyond it. 

75. The tmnsfuga is broad, the fore part hairy, the 
hinder part full of bridles ; one fide finuated, and the 
other pointed, 

76* The ciliata is ventricofe, the hinder part covered 
with Kafr, 

77* The bulla is membranaceous, the Tides bent In- 
wards ; the tore and hind parts both covered with 
hairs, 

78. The pdlhndla is fomewhat thick In the middle, 
and pellucid, with a few molecules here and there; the 
fides obtufe, the fore part ciliated with very fine hairs, 
the hinder part fet with briftles, 

79, The cyllidium has the hinder extremity filled 
with globules of various fizes, It vacillates upon the 
edge* commonly advancing on its flat fide, and conti- 
nually drawing in water. It then gapes, and opens 
into a very acute angle, almoft to the middle of the 
body; but this is done fo milantaneoufly, that it can 
fcarce be perceived. 

80 ♦ The curfor is oval, the fore part hairy, and the 
hinder part alfo furnUhed with fomeftralght and curved 
hairs in two fafeieles* Its body Is flat, and filled with 
molecules; and in the. fore part is an oblong empty 
fpace, into which we may fometrmes fee the water 
fucked in* 

,81. The^iife is egg-ihaped, with an indfion in the 
■fore part ? the front and bale hairy* 

82. The lynceus is nearly fqoare, with a crooked 
beak and hairy mouth* It is membranaceous, and 
appears compreffed, ft retched out into a beak above, 
under which there is a little bundle of hairs; the lower 
edge bends in and out, and is furrounded with a few 
briftles. The inteftines are beautiful, and a fmall bent 
tube goes from the mouth to them in the middle of the 
body. There is like wife another tube between the 
fore and hind edge, filled with blue liquor- The in- 
teftines and other tube are Frequently in motion* 

83* The trofa is orbicular, the fore part notched ; 
one fide fnrnifhed with hairs, the binder part with 
brifiles* 

84, The rojlraia is found in water where duckweed 
has been kept. It is depreffed, capable of changing 
its 0i ape, yellow, with long ciliated hairs; it has four feet 
tapering to a point, one of them longer than the reft. 
Both feet and hairs are within the margin. The fhape 
of the body is generally triangular ; the apex formed 
into an obtufe beak, which the creature fome times 
draws in fo that it appears quite round* 

85, The lagma is round, ventricofe, with a long 
neck, and the lower end fet with bri files* 

86, The charon was found in fait water. It is oval, 
and rcfembles a boat as well in its motion as fliape : 
the upper part is hollowed, the under part furrowed 
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and convex; the fie rn round, with feveral hairs pro- Mire ofc^pa 
ceeding from it, T / 

87* The c'mtx is about the fize of the lyncus, ha® 
an oval body, with a convex back, flat belly, and inci- 
fion In the margin of the fore part, the edges of 
which incifion appear to move. When this animalcule 
meets with any ob [hades in fwlmming, it makes ufe 
of four briftles, which appear on the under fide as 
feet. 

88, The ckada differs but little from the cimex* 

It is oval, with an obfeure margin, the fore part co- 
vered with hairs on the under fide, and the hinder 
patts beard Ufa, 

XIV, Ktrana* 

An Invifible worm with Korns* 


1. The rajldlum is found in river water* It hai 
three rows of horns on the back, which occupy almoft 
the whole of it. 

2. The lymajler is Fquare, and its dife furniftied with 
fhming horns* 

3. The htflrlo appears an oblong membrane, pellucid, 
with four or five black points in the fore part, which 
are continually changing their lunation, thick fet with 
fmall globules in the middle, among which four larger 
ones are fometimes perceived, which by Jfr Adams 
are fuppofed to be eggs. In the middle of the hind 
part are fome longitudinal ftrokes reftmbling brittle®, 
which, however, do not feem to projtft beyond the 
body* 

4. The cyprh is found in water covered with lemna* 
It i& fomewhat of a pear fhape, comprefled, with a 
broad and blunt fore pari ; the front furnilhed with 
hairs or little vibrating points inferred under the edge, 
fliorter in the hind part, partly extended ftraight, and 
partly bent down, having a retrograde motion. 

5. The baujlrum is orbicular, with the horns in the 
middle, the fore part membranaceous and ciliated, with 
fcveral brifiles at the hinder part, 

6. The haufiallum differs from the preceding only in 
having the hinder part without any brifiles, 

7. The patella has an univalved fhell, is orbicular, 
cryftalline; the Fore part fomewhat notched; the flefhy 
body in the middle of the died!; with horns or hairs of 
different lengths jutting out beyond the fiiell, and aft- 
ing in flea d of feet and oars, fome of which are bent; 
ami the fuperior ones confiuute a double tranfverfe 
row* 

8* The vannut is oval and rather fiat, wit\onc edge 
bent, the op polite one ciliated, the front furnifhed with 
horns, and the hind part with brifiles. 

9. The pullajler agrees in many refpefta with the 
trkhoda pulex ; the upper pait is pellucid, without any 
black molecules; the front truncated, the whole fur- 
face of the head covered with hair, and the fore part 
finuous* 

JO. The myttUus is a large animalcule ; the fore ard 
hind pans rounded, very pellucid and white, dark In 
the middle, with black inteftines Intermixed with a 
few pellucid veficles ; both extremities appearing as if 
compofed of two thin plates* It has two fmall horns, 
with which it agitates the water fo as to Form a little 
whirlpool. 

11, The hpus is egg fhaped, compreffed, pellucid, 
5 And 
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Mif ivftopc aTl J crowned with fhort waving hairs ; the bafe termi- 
* nated with bridles. 

ts.Th cjilums is an oval* fmooth, animalcule, feme- 
what crooked and opaque, with a fnfcicle of vibrating 
hair on the fore part ; it has a fharp tail furm filed 
with unequal rows of moveable hairs, the back being 
alfo ciliated : the hairs produce a rotatory motion. 
Hie figure varies from oval to oblong, and the filaments 
of the conferva are often entangled in the tail. 

i g* The cahkium is Found in the in full on of vege- 
tables- The body is broad and flat, both fide a ob- 
itife, filled with black molecules, and there is a black 
fpot near the hinder part, where there are like wife a 
few fhort bridles. 

14, The pujlulata is found in fait water. It is 
oval, convex; one edge of the hinder part finuated* 
both ends let with hairs, and tome horns on the fore 
part. 

XV, Himantopw : 

A pellucid, invifible, and curated worm. 

T* The acarus is lively, conical, ventrlcofe, full of 
black molecules, with a bright and tnmfparent fore 
part. The lower part of the apex has rows of long 
hairs on the under pait fet like rays. Four locks of 
long crooked hair or feet proceed from the belly, and 
it is continually moving thefe and other hairs in va- 
rious directions. 

2. The hullo is a lively diverting ant male vile, fin ooth, 
pellucid, full of final! points, the fore part clubbed and 
a little bent, the hinder part narrow; the bale oblique* 
ly truncated, and terminating in a tall firetched out 
tranfvcrfely. The top of the head and middle of the 
back are furnifhed with long and vibrating hairs; three 
moveable and flexible curls hang down from the fide 
of the head at a diftance from each other. When the 
creature is at reft, its tail Is culled; hut when in mo- 
tion, it is drawn tight and extended upwards. 

y. The farinlo is found, though feldora, in water 
where the lemna grows. The cilia are longer than the 
hairs, and arc continually vibrating : it has two move- 
able curls hanging on the fide of the head. 

4. The volutator is fhaped like a crefcent, and has 
feme cryfialUne points ; the convex part has a row of 
hairs longeft towards the tail, and underneath are four 
feet. It is very lively, and often turns round with a 
fwift circular motion. 

5, The larva is long and cirrated in the middle ; 
the body is depreffed and long; the hinder parts acute, 
and generally curved, pellucid, and filled with granular 
molecules. 

6. The charon is found in fea- water, but rarely. It 
is oval, pellucid, and membranous, with longitudinal 
furrows, and feveral bent diverging rows of hair be- 
low the middle, but none on the hinder part. 

7, The corona is a membranous lamina, very thin, 
pellucid, cry ll allin c, and femilunar ; the edge of the 
bafe thick let with molecular inteftines ; the fore part 
furnifhed with it kind of mane towards die hind part 
ere three equal curved hairs or fpines, 

XVI. V micella 2 

A naked worm with rotatory cilia, capable of 
contracting and extending It fell* 

? ♦ The v tr ttlis is vifible to the naked eye, appearing 

You XI. PartIL 


like a fm all green point; but the microfeope dffcGvers Microf 
it to be nearly cylindrical, a little thicker at the fore 
part than the other, and obtufe at both ends. It ap « 
pears to be totally defiitute of limbs, not with Handing 
which it keeps the water in continual motion ; fe 
that it probably has feme invifible rotatory inftm* 
mtnt. It moves fem t times circularly, femetimes in a 
ftiatght line. 

2. The fpheroida appears alfo like a point; but thro* 
the microfeope as a globular mafs of a dark green co- 
lour. It occa fkms a vehement motion in the water, 
probably by means of feme fhort hairs with which it is 
furnifhed. 

3. The cinBa is of an irregular fhape, feme times af- 
fuming an oval figure, and appearing as if girt round 
with a tranfverfe keel. It is invifible to the naked eye, 
ciliated on every fide ; the hairs all moveable, and 
longer on one fide than the other. 

4. The lunifira is found in fait water ; has the 
fore part obtufe, the bale broad, and hollowed 
away like a crefeent, with a fiiort protuberance in 
the middle of the concave part : the fere part is cil> 
ated. 

5. The burfata is found In felt water, and is ventri- 
cofe, crammed with molecules ; the fore part trunca- 
ted, and both fides of it pellucid; there is a prominent 
papilla in the middle, which when the animalcule is at 
ref! appears notched, the edge of the aperture beingei* 

Hated; the hairs are capable of moving in various di- 
rt iftlons. 

6. The •oarla is cylindrical, truncated, opaque, and 
blacktfh coloured ; the fore part ciliated. 

7. The fputarlum is found in October, with the 
leffer lemna, arid is one of the moft fingular of the mt- 
crofcopic animalcules. When viewed fidewife, it is 
feme times nearly cylindrical, only tapering a little to- 
wards the hinder part, and having a broad pellucid 
edge. Viewed from the top, it has fometimes a broad 
face or dife, furnifhed with radiating hairs, the under 
part contracted into a glob'd ir (hape, of a dark green 
colour, and filled with fmall grains, 

8. The polyrnorpha is vlfible to the naked eye, and 
appears like a gi^en point moving with gi cat agility; 
but when viewed through a microfeope, it afitimes fuch 
a variety of forms, that it is impoffible to deferibe 
them. The body Is granule us; and a feries of pellu- 
cid points is feme times to be obfcrvcd. 

9. The multiformis is found in fait water, and very 
much refembles the former. 

10* The nigra la found in Auguft in meadows cover- 
ed with water. It may be leen with the naked eye* 
appearing like a black point fvvimming on the furface. 
Through the microfeope it appears as a finall couicaf 
body, obtufe and ventricofe at one end and acute at 
the other. When the extremities are extended, two 
fmall white hooks become vifible, by the afliftance of 
which it moves in the water, and it probably has a ro- 
tatory organ : it moves continually in a vacillating 
manner on the top of the water* 

1 1. The cucullus Is like wife vifible to the naked eye: 
it is of a dirty red colour, of a fhape feme what conical, 
and refembhug a grenadier’s cap. 

12, The utriculata is gyecn and ventricofe; the belly 
capable of being lengthened or fhortened ; the fere 
part truncated, much in the fiiapc of a common water 

$ B bottle $ 
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M’crofcrf e bottle ; the neck is fometimes very long, fometimes rounded 
very fhort, and filled with green molecules. 

13. The ocreata is met with in rivers, though very 
feldom, and in (hape'fomewhat refembles the lower part 
of a hoot. The apex of the upper part is truncated 
and ciliated, the heel pointed, and the foot round. 

14. The valga is as broad as long, and the apex 
truncated and ciliated; both angles of the bafe pro* 
jetting outwards, one fomewhat like a wart, the other 
like a finger: It is found in marfhy waters. 

15. The papillaris is like wife found in marfhes where 
the conferva nitida grows. It is ventricofe; the fore 
part truncated, with a papillary tail, and a beautiful 
papillary excrefcence on the fide. 

16. rhe/accu/us is thick, of an equal diameter every 
where, and full of molecules. The edge of the mouth is 
bent back; the hinder part is obtufe, fometimes notch- 
ed and contratted, with cilia to be feen on both tides 
of the mouth. 

17. The clrrata is found in ditch-water. It is ven- 
tricofe, the aperture fiuuated, and two tufts of hair on 
each fide of ’the belly. 

t 8. The na/uta is invifible to the naked eye, but the 
microfcope difeovers it to be furnifhed with a rotatory 
organ encompafiing the middle. It is pellucid, cylin 
drical, of an unequal fixe; the fore part truncated and 
ciliated, with a triangular prominence in the middle of 
the aperture ; the hinder part is obtufe, with a point 
on each fide of the middle of the body. When the 
water is nearly exhaled, two rotatory organs are ob- 
fervahle ; one on the fore part, and the other encom- 
pafiing the middle of the body; the hairs of the latter 
being in violent motion. Other fafcicles of moving 
liair are likewife to be obfervtd; and the quick and va- 
rious motions of this apparatus are very furprifing. 

1 9. The Jlellina i3 of an orbicular fhape, with a mole- 
cular dife and ciliated margin. 

20. The tlifeina is likewife orbicular, the edge cilia- 
ted, with a kind of handle on the under fide. 

21. The feyphina is bowl-fhapcd, cryflalline, with an 
opaque fpherule in the middle. 

22. Th a albina is cylindrical in the fore part, the 
hinder part tapering, and alinoft ending in a point* 

23. The fritlllina is empty and cylindrical, with a 
truncated apex. 

24. The truucatella is of the larger kind of animal- 
cules, with a cryflalline body, full of black molecules, 
the fkin perfettly fciiooth and colourlefs, the hinder 
extremity rounded, and the anterior part truncated: at 
this extremity there is a large opening that ferves 
for a mouth, which is thickly ciliated. 

25. The limacina is cylindrical, truncated, and has 
two pair of cilia. 

26. The fraxinma is moftly cylindrical, the hinder 
pare rather tapering, and full of opaque molecules ; 
tranfparent towards the upper end. Within the edge 
at the top are two fmall tubercles, from each fide of 
which proceeds a pair of fmall hairs. 

27. The craLegaria is found in the month of April, 
both in the mud and on the tail of the monoculus qua- 
dricornis. They are generally heaped together in a 
fpherical form, and united to one common ftalk. They 
are likewife often to be found without a pedicle, the 
tody rather contratted, the aperture circular, and fur* 
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with a marked margin. It 1 
powerful magnifier 
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_ two fmall M crofcop# 

arms; and with a powerful magnifier a violent ro- ~ v ,f 
tatory motion may be obferved. Sometimes an indi- 
vidual will feparate from the community, and move in 
a kind of fpirai line for a little time, and then go back 
to the reft. 

28. The lximata is not ciliated, nor has it any hairs 
upon it ; the body is granulated, the fore part broad 
and truncated, the hinder part obtufe, and capable of 
being contratted or extended. 

29. The crater if onnis is a lively animalcule, pellucid, 
round, longer than i. is broad, approaching fomewhat 
to a fquare figure, with convex fldes : the head is fi- 
tuated at the large end, the fkin fmooth, and fo ne tra- 
ces of inceftines may be difeovered with difficulty. 

There is a confiderable opening furrounded by hair at 
the larger end, and the filaments compofing it are in 
continual motion. Two of them arc fometimes feea 
joined together, and full of fmall fpherides. In this 
(late they draw each other alternately different ways; 
the furface is fmooth, and the hairs invifible. 

30. The canaliculata appears to the naked eye as a 
number of white points adhering to the fides of the 
glafs. When magnified, the fore part is narrower than 
the hind one ; in the fide is a kind of inctfion, and the 
hinder part is notched towards the middle. It excites 
a continual whirling motion in the water by means of 
a rotatory organ with which it is furnifhed. 

31. The vcrfaiilis is a pellucid, gelatinous animalcule, 
of a greenifh colour, and furnifiud with fmall radii 
about the circumference; fo that it appears like a very 
fmall water hedge-hog. 

32. The ampulla is contained in a tranfparent botde- 
fhaped bag ; the head divided into two lobes. It fome- 
times lies at the bottom of the bag, and fometimes 
nearly fills the whole of it. 

33. Tht- fol/icu/aM h gelatinous and cylindrical; and 
when moft extended, the bale appears attenuated, and 
the apex truncated. 

34. The larva is of a clay colour, the aperture ci- 
liated, with a globular projettion at times appearing to 
proceed from it. 

35. The facculata has the fhape of an inverted cone, 
with an aperture in the figure of a crefcent; the lower 
part of the trunk notched, forming as it were two 
teeth ; the tail biphyllous. Each of thefe is furround- 
ed with a loofe bright fkin, the head being divided from 
the trunk by a deep inctfion. 

36. The aurlia is cylindrical and ventricofe, the a- 
perture deftitute of hairs ; both fides of it are furnifhed 
with rotatory cilia, and the tail is biphyllous, 

37. The tremula has fomething of a conical fhape; 
the mouth being divided into parts which are fet with 
fmall fpines ; and a point proje&s from the tail. 

38. The ferila is mufcular, pellucid, folding variouf- 
ly ; the fore part truncated : round the margin arc 
rows of hairs ; but it has alfo differ hair 9 or fpines 
continually vibrating, with which it draws in all ani- 
mate and inanimate fubftances which it is able to ma- 
nage. 

39. The lacinulata is fhaped like an inverted cone, 
the aperture Jobated, the tail fmall and furnifhed with 
two bridles. When fwimming, the rotatory organ may 
be difeovered. It moves iwiftly in an oblique direc&ion. 

40, The 
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40. The flwjlritta 13 of two kinds ; viz* of a pale 
yellow and of a white colour. They move by fixing 
their tail to the place where they are, and then extend- 
ing' their body as much as pofiible; fixing the fore part 
to the place to which they intend to move, then draw- 
ing the hinder part to it, and io on, Sometimes they 
turn round about upon one of the points of their tail ; 
at other times they Ipring forwards with a jerk. When 
at reft they open their mouths very wide* 

41. The togata has a conwx body, filled with mole* 
C tiles, and of a dark colour; the hinder part fomewhat 
broader than the forepart ; the latter ciliated, and the 
tail formed of two very thin pellucid fpmee* which are 
fomewhat curved, and much longer than the body. 

42. The rotatoria is the *10 he cl animal deferibed by Mr 
Baker; and of which an account is given under the ar* 
ticle Animalcule. 

43. The fur cat a is commonly found in water, and 
has a cylindric body with a rotatory organ, con filling 
ol a row of hairs at the apex ; the tail is divided into 
two parts, turning a little inwards* When at relt it 
joins the fegmenis of the tail, but opens them when 
111 motion. 

44. The cat nine is commorly found in marfhy wa- 
ters, It is a 1 tile thick mufcular animalcule, folding 
itfdf up: equally broad throughout, the body disfi- 
gured by longitudinal folds, winding in various direc- 
tions- The anterior part is count ft ed to the body by 
a little neck; and it occafionally fhows a fmall rotatory 
organ. Its motion is 1 outcry, but in various direc- 
tions! 


men is oblong, oval, and tranfparent; the tail foarp,M 
twice as long as the abdomen, fometimes rough and 
annuiated, or altogether frnooth. 

50. The cttrlna is found in flagnant water ; the head 
full of molecules, lound, every where of an equal fixe, 
and very tranfpareut* Both fides of the orifice an! 
ciliated, and each has a rotatory motion appearing 
fometimes without and fometimes within the edge of 
the month, 

yi . The plrijhrmls is fomewhat oval, with a very 
final l retractile foot, which it can draw within it rdf. 

52. The tuberofa has a broad upper part, the under 
pare fntalLi with two projections at the anterior end, 
fund Died with a number of fib ri Use, which produce a 
current of water by their vibration, ami thus collect 
food for the animal* 

53. The rmgetu is pear-fhaped, pellucid, the middle 
of the aperture convex, both fides ciliated, the pedicle 
four times fhorter than the body* It can contract the 
orifice to an obtufe point- 

54* The inclinans has a pendulous, pellucid, little 
head ; the anterior part truncated, and occafi anally 
contracting itfelf twice as Ihort as the pedicle* It is 
lhaped like a tobacco- pipe. 

55, The 'wiginata is ereft, of the fh ape of a trun- 
cated egg ; the pedicle is contained in a fheath* 

56. The globularia is frequent among the cyclopa 
quadricorni. It has a fmall fpherical head, the aper- 
ture of the mouth ciliated, the pedicle four times 
larger than the body, which it contracts into a fpiral 
form. 


45. The tatiieula is cylindrical, the aperture plain, 
with a Ihort articulated tail divided into two parts. 

46. The fills has a large body, the apex of an equal 
thieknefs, obtufe, with rotatory filaments : the tail is 
acute, with two pellucid {pints in length about one- 
third part of the body, alternately fepa rating from and 
approaching one another. 

47. The Jientoreti. Sec the article Polype* 

48. The foci alls ^ when conftderably magnified, ap* 
pears like a circle furrountkd with crowns or ciliated 
heads, tied by fmall thin tails to a common centre, 
from whence they advance towards the circumference, 
where they turn very brifkly, occafioning a kind of 
whirlpool, which brings its food* When one of them 
has been in motion lor a time, it flops and another be- 
gins; fometimes two or three may be perceived in mo- 
tion at once: they are frequently to be met with fepa- 
rate, with the tail ftickiug in the mud. The body 
eontrafts and dilates very much, fo as fometimes to 
have die appearance of a cudgtl, at others to aifume 
almoft a globular form. 

49. The fiofcuhfa appears to the naked eye like a 
yellow globule adhering to the ceratophyllon like a 
little flower or a heap of yellow eggs* When magni- 
fied, they are feen to coafift of a congeries of animal- 
'CO la conftitutinga fphere from a mouldy centre. They 
contract and extend their bodies either alone or in Fo- 
ciety, and excite a vortex in the water by means of a 
dife. When they quit the fociety and aft: fingly, they 
may be obferved to con fill of a head, abdomen, and 
tail ; the head being frequently drawn back into the 
abdomen fo far that it cannot be feen, only exhibiting 
a broad kidney- fhaped difo Handing out, The abdo- 


5 7 The lunarh lias a fmall goblet-lhaped head, the 
margin of the orifice protuberant, ciliated on both fides, 
with undulating hairs, and the pedicle eight or tea 
times the length of the body. The pedicle extends 
itfelf as often as the mouth is opened, but is twilled 
up fp 1 rally when it is ihut ; and this is frequently re** 
peated in a Ihort fpace. 

5S. The con'vallana is the fame with the bill -ani- 
mal mentioned by Mr Baker* See the article Ani- 
malcule. 

59* The nutans has a Ample pedicle ; t wills Itfelf 
fpirally ; is extremely fiender, with a kind of cap on 
its head ; the margin white and round, and feemingly 
encompalfed with a lucid ring; the head diminilhiug 
towards the bale. 

60. The nebulifira is narrow at the bafe ; open and 
truncated at the top ; the margin feemingly furround- 
ed with a ring : but, when the aperture is fhut f the 
animalcule is of the lhape of an egg, with a fimple ie- 
taccous pedicle, conftderably longer than the b jdy, 
and commonly much bent back. 

61. The annularis is vifible to the naked eye ; the 
head an inverted cone, convex when the mouth is !hut r 
but truncated when it is open ; with a protuberant 
edge ; the pedicle fimple., very long, thick, and, 
whiter at the top than any where dfe ; the apex twill- 
ed fpirally. — -When contracted, it appears to be an- 
nul ated. 

6z* The arinofa inhabits that whitifh fubilancc 
which often entirely covers plants, wood, {hells, &c. 
When this fubllanee is examined by a mjerofeope, ir 
appears to be wholly compofed of living animals of the 
polype kind* See Polype. 

5 B 3 
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63. The 
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’ ' rofiope ^3, The fafticulala Las a rotatory organ, which may 
v fo metises be feen projecting beyond the aperture ; til ere 

is a little head at the apex, and the pedicle is twitted 
and very flender. A congealed green mafs which is 
often found iwinimmg about in ditches is comp: > fed 
of myriads of thefe animals? which are not viiible to 
the naked eye? and when magnified appear like a 
bundle of green flowers. 

64. The brans refembles a citron; the apex is trunca- 
ted, the bafe narrow, and a gaping deft is obfervabte? 
ckfcenditig from the apex to one third of the body. 

65. The hellh is of a yellow colour, and much re- 
fembles the flower of a daify ; is ciliated round the mar- 
gin of the head, and moves in a rotatory manner. 

66 . The gmella has a long pedicle, confiantly fur- 
nished with two fmall heads. 

6 8 > Th e pym rla . y 

6 9 * T h e anqflatha* > Seethe article Polype* 

70. The digitalis. j 

71. Th t polyp inai when viewed through a fmall 
magnifier? they appear like fo many little trees: the 
upper part, or heads, are egg fhaped? the top trunca- 
ted, the lower part filled with intefilnes ; the branches 
thick, fet with little knobs, 

7 z. The racemofa is only diftingmfhed from the 
vo media focialis by always adhering to the (ides of 
the vdTel in which it is placed. By the micro ftvpe, 
we difeover a long pedicle (ticking to the fries of the 
veflels. from which proceed an innumerable quantityof 
crytialfine pellucid pearls; which, together with the (talk, 
are varioufly agitated in the water, Borne times they 
move feparately ; fonxetimes they are drawn down to 
the root, and in a moment expanded again, 

XVII. BracMontts s 

A contra ftile worm, covered with a fhcll, and furnifhed 
with rotaLory cilia* 

1- The /hiatus has an oblong, pellucid fhell, capable 
of altering its figure. The apex is truncated, with fix 
fmall teeth on the edge of it* twelve longitudinal 
ilreaks down the back? the bafe obtufe and fmooth. 
The teeth are oecafionally protruded or retrofit ed ; 
and there are two fmall fpines or horns on the other 
fule of the fhell. The animal itfelf is of a yellow 
colour? cryftallinc, and auricular; now and then putting 
out from the apex two or three little bundles of playing 
hairs, the two lateral ones fhorter than that in the 
middle 1 on the under fide we may obferve a forked 
degiutatory mufek, and two rigid points when the apex 
is drawn in* It is found in fe a- water, 

2, The fquamula has an univalve orbicular fhell? a 
truncated apex? four teeth, fmooth bafe? and no tail. 

3. The pula is of a yellow colour ; univalved, with 
an oblong excavated lhell; four long teeth at the apex ; 
a fmooth bafe* 

4* The blpalium Is imivalved, the ft ell oblong and 
inflefited? ten teeth at the apex? the bafe fmooth? and 
a fpurious tail. 

5, T he patina Is extremely bright and fplendid? has 
a latge body? a cryflalline and nearly circular fhell, 
without either inclfion or teeth? only towards the apex 
It falls in fo as to form a fmooth notch. A double 
glittering organ, with cilia ud edges, projects from the 
apex j both of them of a conical figure? and handing 


as it were upon a pellucid fub fiance, which h divided Mitrofr D i 
into two lobes, between which and the rotatory organ — 
there is a Illver- coloured cienulated membrane. Two 
fmall claws may like wife be difeovered near the mouth- 

6, The dypeatus Is un halved? the fhell oblong, apex 
notched? the tail naked? and bafe fmooth. 

7. The iamdlarh is utllvalved ; the (hell extending 
con fide rablv beyond the body ; the bafe divided info 
three fmall horns? with two hairs at the end of the talk 

8* The patella is found in marfhy water in the win- 
ter-lime, it is univalve? the ihdl oval? plain, cryfiai- 
liue? with the anterior part terminating in two acute 
points on both fides? though the intervening fpaee \i 
commonly filled up with the head of the animal. By 
thefe points it faflens itfelf? and whirls about the body 
erefit. The rotatoiy cilia aie perceived with great 
difficulty. 

9, The hm&w Is univalved, the fliell fo me what or- 
bicular, apex Innate d, bafe fmooth? and the tall fur- 
nifhed with two fpines. 

10. Th e pltccUllis is ti n 1 v al v ed , wi t h an, oblo n g ft d 1 & 
the apex hairy, and bafe notched* 

i 1. The ovalts Is bivalved ; the fhdl flattened, apex 
notched, a hollow part at the bafe? the tail formed 
of two tufts of hair, 

1 2. The tripos is bivalved, the apex of the fhell beard- 
lefs, three horns at the bafe? and double tail. It fix- 
es itfelf to objects by the filaments of the talk 

13. The dentalus is bivalved? with an arched fhell; 
the apex and bafe are both toothed, and the tail form- 
ed of two fpines* 

1 4 * The mucranatus Is bivalved? fo me what of a fqnare 
form ; the bafe and apex pointed ; the tail confiding 
of two fpines. 

15. The mmnatus is one of the fmalkft bivalved ani- 
malcules ; the apex and anterior part round? the hinder 
part ftraight, terminating in a point? furnifhed with a 
hook on the fore part? a fmall rotatory organ, a long 
tall compofed of joints, and divided at the end Into 
two bridles. It can open its fhell both at the fore 
and hind part, 

16. Tire cirrahis is larger than the preceding ; ven- 
tricofe? fomewhat tranfparent, the head conical, with 
a bundle of hairs on both tides ; and It has like wife a 
rotatory organ. 

17. The paffits has a cylmdric fhell, with two long 
pendulous locks of hair proceeding from the front? the 
tail confiding of a Angle bridle* 

id. The quadrat us has a quadrangular {hell, with 
two fmall teeth at the apex, two horns proceeding 
from the bafe, and no tail- 

19, The impreffushas a quadrangular fhell? a fmooth 
undivided apex; obtufe bafe; notched margin; and 
fiexuous tail, 

20, The urceolarls* See Polype, 

21* The hraehlonus Baker! has a ventricofe fhell? four 
teeth at the apex, two horns at the bafe, and a long tail 
terminating in two fhort points. The horns arc 
frequently extended ; and the circular end of each is 
furnifhed with a tuft of little hairs, which fometimes 
move in a vibratory manner? at other times have a ro- 
tatory motion, Mr Muller has alfo difeovered hi this-* 
creature two fmall feelers and a tongue. 

22, The patulus has a veotricofc fhell; with eight, 

teeth. 
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[ M' ~fofi’ope teeth at the apex ; the bafe lumted, or hollowed into 


" the form of a erefcent, and furnifhed with four horns ; 
the tad Abort, with two fmall points at the end. 

These are the different kinds of animalcules which 
have yet been difeove red. To what is faid of them in 
general under the article Animalcule, we fhall here 
add the following' obfev nations from Mr Adams. — 
*• How many kinds of thefe invifibles there may be 
(fays he), is yet unknown; as they are difeerned of 
*11 fiats, from thofe which are barely invifible to the 
naked eye, to fuch as refift the force of the micro- 
feope as the fixed ftavs do that of the telefcope, and 
with the greateft powers hitherto invented appear 
only as fo many moving points. The fmall ill living 
creatures our i aft ru men ts can fhow, are thofe which 
inhabit the waters; for though anlmalcula equally mi- 
nute may fly in the air, or creep upon the earth, it 
iti fcarce poftible to get a view of them ; but as water 
is tranfparent, by confining the creatures within it 
wc can eafily obierve them by apply ing a drop of it to 
the glaftes. 

u Animalcules in general arc obferved to move 
io all directions with equal eafe and rapidity, fime* 
times obliquely, fometimes ftraigbt forward ; fome- 
times moving in a circular direction, or rolling 
upon one another, running backwards and forwards 
through the whole extent of the drop, as if diver- 
ting tkemfelves ; at other times greedily attacking 
the little parcels of matter they meet with. Notwith- 
ftandin, their extreme minuteneft, they know how to 
avoid oh flacles, or to prevent any interference with one 
another in their motions: fometimes they w ill iudd on- 
ly change the diredion in which they move, and take 
an eppoiite one ; and, by inclining the glafs on which 
the drop of water is, as it cat- be made to move in 
any direction, fo the animalcules appear to move as 
ealily again ft the ft ream as with it. When the water 
begins to evaporate, they flock towards the place 
where the fluid is, and fliow a great anxiety and 
uncommon agitation of the organs with which they 
draw in the water. I hefe motions grow languid as 
the water fails, and at laft ceafie altogether, without a 
poftibility of renewal if they be left dry for a fhort 
time. They fu Slain a great degree of cold as well as 
infers, and will perifh in much the feme degree of 
heat that deftroys infects. Some animalcules are pro* 
dneed in water at the freezing point, and fome infers 
live in fnow\ — By mixing the leaft drop of mine with 
the water in which they iwim, they iuftantly fall into 
couvulfiofis and die. 

* c The fame rule feems to hold good in thofe minute 
creatures, which is obfervable in the larger animals, 
t>;V that the larger kinds are lefs numerous than fuch 
as are fmaller, while the fmalleft of all are found in 
fuch multitudes?, that there feem to be myriads for one 
of the others. They increaTe in ftze, like other animals, 
from their birth until they have attained their full 
3 £rQW,ih ; and when deprived of proper nourilhment, 
they in like manner grow thin and perifh. ” 

Tilt modes of propagation among thefe animalcules 
are va ous, and the ohftrvatlon of them is extremely 
curious. Some multiply by a Uanfverfe dtvifion, as is 
ohretved under the article Animalcule : and it is re* 
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markable, that though in general they avoid one ana-Mier 
thcr, it is not uncommon, when one is nearly divided, — ' 
to fee another pufh itfelf upon the fmall neck which 
joins the two bodies in order to accelerate the ft pa ra- 
tion. — Others, when about to multiply, fix themfelvea 
to the bottom of the water; then becoming fit ft ob- 
long, and afterwards round, turn rapidly as on a centre, 
but perpetually varying the direction of their rotatory 
motion. In a little time, uvo lines forming a crofs 
are perceived ; after which the fpherule divides into 
four, which grow, and are again divided as before, 

A third kind multiply by a longitudinal divifion, which 
in fome begins in the Fore- part, in others in the 
hind-part; and from others a fmall fragment detaches 
iift If, which in a fhort time aftumes the fhape of the 
parent animalcule. Laftly, others propagate in the 
fame manner as Lhe more perfect animals. 

In our abfervationfl under the article Animalcule, 
we luggefted fome doubts whether all thofe minute bo- 
dies which go under the name of animalcules i rally 
do enjoy animal life ; or whether they are not in 
many cales to be accounted only' inanimate and ex - 
ceedingly minute points of matter actuated by the in- 
ternal motion of the fluid. This has alfo been the. 
opinion of others : but to all hypothecs of this kind 
Mr Adams makes the following reply, i£ From what 
has been faid, it clearly appears, that their motions 
are not purely mechanical, hut are produced by an 
internal ipontaneous principle; and that they mufi 
therefore be placed among the clafi of living animal j ( 
for they poftefa the ftrongeft marks and the moll de- 
cided characters of animation ? and, coufequemly, that 
there is no foundation tor the fuppofition of a chaotic 
and neutral kingdom, which can only have derived its 
origin from a very tranfient and fuperficiat view of 
thefe animalcules.— It may alfo be further obferved, 
that as we fee that the motions of the limbs, &c. of 
the larger animals, are produced by the mechanical 
conftrudtion of the body, and the action of the foul 
thereon, and are forced by the ocular demonftratiou 
which arifes from anatomical difte£tion to acknowledge 
this mechanifm which is adapted to produce the vari- 
ous motions neceftary to the animal ; and as, when we 
have recourfe to the mlcrdcope, we find thofe pieces 
which had appeared to the naked eye as the primary 
mechanical caufcs of particular motions, to con lift 
themfelvea of Idler parts, which are the caufea of mo~ 
tion, exteufion, &c. in the larger ; when the ftruchire 
therefore can be traced no farther by the eye, or by 
the glaffes ; we have no right to conclude that the parts 
which are invifible are not equally the fubjeft of mo- 
cha nt fen ; for this would be only to after t, in other 
words, that a thing may exifl becaufe we fee and feel 
it, and have no exiftence when it is not the objedl of 
our fenfes The fame train of reaforring may be ap- 

plied to mierofcopic infers and animalcula : we fee 
them move ; but becaufe the mufclea and members 
which cccafion thefe motions are invifible, ill a 11 wc in- 
fer that they have not mufcles, with organa appropri- 
ated to the motion of the whole and its parts ? To fay 
that they ex ill not becaufe we cannot perceive them, 
would not be a rational condo 1km. Our fenfes arc 
indeed given us that we may comprehend fbme effects * 
but then wc have alfo a mind, with reafou, beftoweeU 

iippa 
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Mv toTcf'pfc upon ns t tliBt) from the things which w t do perceive 
1 with our fen tee, we orsy deduce the nature of thofe 

cauks and effects which are imperceptible to the cor- 
poreal eye. 2 ' 1 

Eeaving thefe fpeculatione however, we Avail now 
proceed to give a particular 

Explanation of the figures of the 'Various animals, *whh 
i heir parts 1 ova, 'id c. repr fatted hi the plates. 

Plnrc Fig* 3^* S3' reprefent the eggs of the phabena 
QCCIL neuftria, as they are taken from the tree to which 
they adhere, and magnified by the microfcope* The 
fixong ground- work vilible in many places fiiows 
the gum by which they ate fkllened together ; 
and ibis' connexion is ftrengthened by a very te- 
nacious futdlance interpofed between the eggs, and 
filling up the vacant fpaces. Fig* 34. ihows a vertical 
fed ion of the eggs* exhibiting their oval fiiape, — 
Fig. 35. is an horizontal fedtion through the middle of 
the egg. Thefe eggs make a beautiful appearance 
through the microfcope. The fmall figures a,h, c , re- 
prefent the objects in their natural flate, without being 
magnified. 

Fig, 36. flows trie larva of the mufea chameleon, an 
aquatic iufedl. When viewed by the naked eye, it appears 
{as here reprefen ted) to be compofed of twelve annular 
dlvilions, feparating it into an head, thorax, and abdo- 
men; but it is not eafy to diftinguiftl the two laft parts 
from each other, as the inteftmes lie equally both in the 
thorax and abdomen. The tail is furnifiied with a fine 
crown or circle of hair b , difpofed in the form of a 
ring, and by this means it is fupported on the furface 
of the water, the head and body hanging down to* 
wards the bottom, in which poflure it will fometimes 
remain for a con fide table time without any motion, — 
When it has a mind to fink to the bottom, it clofes 
the hairs of the ring, as in fig* 37. Thus an hollow 
fpace is formed, including a fmall bubble of air ; by 
enlarging or dlminiAiing which, it can rife or fink in 
the water at pleafure, When the bubble efcapes, the 
Infe£t can replace it from the pulmonary tubes, and 
fometimes confiderable quantities of air may be fecn 
to efcape from the tail of the worm into the common 
atmofpbere ; which operation may eafily be obferved 
when the worm is placed in a glafs of water, ^nd af- 
fords an entertaining fpedlacle* The fnout of this in- 
fe& is divided into three parts, of which that in the 
middle is immoveable ; the other two, which grow 
from the fides of the middle one, are moveable, and 
vibrate like the tongues of lizards or ferpents. In 
thefe lateral parts lies moft of the creature's Ilrength j 
for it walks upon them when out of the water, ap- 
pearing to w alk on its mouth, and to ufc it as the par* 
rot does its beak to afiift it in climbing. 

The larva is fhown fig, 38* as it appears through a 
microfcope. It grows narrower towards the head, is 
Lrgeft about that part which we may call the thorax, 
converges all along the abdomen, and terminates at 
length in a fharp tail furrounded with hairs, as has al- 
ready been mentioned. The twelve annular diviiions 
arc now extremely vilible, and are marked by numbers 
in the plate* The fit in appears fomewhat hard, and 
refembling fhagre^n, being thick fet with grains pret- 
ty equally diftributed. It has nine holes, or fpiracula, 
probably for the purpofe of breathing, on each fide ; 


but it has none of thefe on the tail dlvifion a, mjr any Microfcope 
calily vilible on the third from the bead* In the laU " 
ter, indeed, it has feme very fmall holes concealed un- 
der the Ikin, near the place where the embryo vu'ngs 
of the future fly arc hid* 15 It is remarkable (fays Mr 
Adams) that caterpillars, in general, have two rings 
without thefe fpiracula, perhaps been ufc they change 
into flies with four wings, whereas this worm produces 
a 11 y with only two.” The iktn of the larva is adorn- 
ed with oblong black furrows, fpots of a light colour, 
and orbicular rings, from which there generally fp rings 
a hair; but only thefe hairs which grow on the i a feat's 
fides are represented in the figure* There are alfo 
fume larger hairs here and there, as at cc. The dif- 
ference of colour, however, in this worm arifes only 
from the quantity of grains in the fame fpaee ; for 
where they are in very great numbers, the furrows are 
darker, and paler where they are lefs plentiful* 

The head d is divided into three parts, and covered 
with a fit in which has hardly any diicernible grains. — 

The eyes are rather protuberant, and lie near the 
fnout ; cm which lalt are two fmall horns at i L It is 
crooked, and ends in a fliarp point as at f The legs 
are placed near the fnout between the finufes in 
which the eyes are fixed. Each of thefe legs confifts 
of three joints, the outermofi of which is covered 
with fluff hairs like biiltlesy^- From the next joint there 
fprings a horny bone hh } ufed by the infect as a kind 
of thumb : the joint is alfo compofed of a black fub- 
fiance of an intermediate hardnefs between bone arid 
horn ; and the third joint U of the fame nature* In 
order to diftmguiih thefe parts, thofe that form the 
upper fides of the month and eyes mull be feparated 
by means of a fmall knife ; after which, by the affifi- 
ance of the microfcope, we may perceive that the leg 
is articulated by fome particular ligaments, with the 
portion of the infeft^ mouth which an fwers to the 
lower jaw in the human frame- We may then alfodlf- 
cern the mufeles which ferve to move the legs, and 
dravv them up into a cavity that lies between the fnout 
and thofe parts of the mouth which arc near the 
horns i i, The infebt walks upon thefe legs, not 
only in the water, but on the land alfo. It like wife 
makes ufe of them in fwimming, keeping its tail on 
the furface contiguous to the air, and hanging down- 
ward with the reit of the body in the water* In thia 
fit nation, the only perceptible motion it lias is in its 
legs, which it moves in a molt elegant manner, from 
whence it is reafonable to conclude, that the moll of 
this creature's Ilrength lies in its legs, as we have al- 
ready obferved* 

The fnout of this larva is black and hard ; the back 
part quite lolid, and fomewhat of a globular form ; the 
front f fiiarp and hollow. Three membranaceous di- 
vifions may be perceived on the back part; by means 
of which, and the mufeles contained in the fnout, the: 
creature can contradl or expand it at pleafure. 

The extremity of the tail is furrounded with thirty 
hairs, and the fides adorned with others that are fmall- 
-er ; and here and there the large hairs branch out Into 
fmaller ones, which may be reckoned tingle hairs. All 
thefe have their roots in the outer Skin, which in this 
place is covered with rough grains, as may be obfer- 
ved by cutting it off and holding it again ft the light 

upon 
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Jjdimifeope upon a flip of glafs. Thua alfo we find, that at the 
extremities of the hairs there are grains like thofe on 
the ikin ; and in the middle of the tail there is a fmall 
opening, with n which are minute holes, by which the 
miedt lakes in and lets out the air it breathes, Tbefe 
hairs, however, are Seldom dlfpofed in inch a regular 
order as is represented in fig. 3 b, unlefs when the infett 
floats w th the body in the water, and the tail with irs 
hairs a little lower than the fur face, in which cafe they 
are dlfpofed exadlly in the order delineated in the plate. 
The leait motion of the tall downward produces a 
concavity in the water j and it then alfumes the figure 
of a wine- glals, wide at the top and narrow at the bot- 
tom. The tail anfwers the double purpofe of fw ho- 
ming and breathing, and through it the infeft receives 
what is the principle of life ana motion to ail animals. 
13 y means of thele hams alfo it can Hop its motion 
when Swimming, and remain fu {pended quietly with- 
out motion for any length of time. Its motions in 
Swimming are very beautiful, efpecially when It ad- 
vances with its whole body floating on the fur face of 
the wattr after filling itfdf with air by the tail. — 
To fet out, it firit bends the body to the right or 
left, and then contra&s it in the form of the letter S, 
and again flretches it out in a ftraight line : by thus 
contracting and then extending the body alternately, 
it moves on the fur face of the water. It is very quiet, 
and is not di tiurbed by handling. 

Thefe creatures are commonly found in fh allow 
Handing waters in the beginning of June; but lb me 
years much more plentifully than others. They crawl 
on the grafe and other plants which grow in fueh wa- 
ters, and arc often met with in ditches floating on the 
Surface of the water by means of their tail, the head 
and thorax at the fame time hanging down ; and in 
tins pofture they turn over the clay and dirt with their 
fin out and feet in ft arch of food, which is commonly 
a vifcous mar ter met with in fmall ponds and ditches. 
It is very harmfcffi, though its appearance would feem 
to indicate the contrary. It is mofl eafily killed for 
dilTedtion by Spirit of turpentine. 

Fig. 39. ihows in its natural Size a beautiful infefl, 
dele ri bed by Linn tens under the name of Iteucojfis dor- 
Jtgera, and which appears to be a kind of intermedi- 
ate genus between a fphex and a wafp. The antenna 
are black and cylindrical, nacreaiing in thieknefs to- 
wards the extremity ; the joint neareft the head is 
Yellow ; the head and thorax are black, encompaffed 
with a yellow line, and furnifbed with a crofslme of the 
fame colour near the head. The fcutdlum is yellow, 
the abdomen black, with two yellow bands, and a 
deep fpot of the fame colour on each fide between the 
bands. A deep polifhed groove extends down the 
back from the thorax to the anus, into which the 
liiug turns and is depofited, leaving the anus very cir- 
cular ; a yellow line runs on each fide of the fling.— 
The anus and whole body, when viewed with a fmall 
magnifier, appear punctuated ; but when thefe points 
are feen through a large magnifier, they appear hexa- 
gonal. Fig, 40. fhows the in fed: very much magni- 
fied. Fig. 41. gives a fide view of it magnified in a 
Smaller degree. 

Fig. 42. fhows an infect lately discovered by Mr 
John Adams of Edmonton, as he happened to be at 
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an inn. It was firfi feen bv fonie labouring people Microfcop* 

who were there at tine time, by whom it was conjee- 

tured to be a loufe with unufually long horns, a mite, 

&c. Mr Adams hearing the debate, procured the 
infect * and having viewed it through a microfeope, it 
prefented the appearance exhibited in fig. 42. The 
infect fee ms to be quite drftindt from the phalangium 
cancroides of Linnaeus. The latter has been de fen bed ° 
by Several authors, but none of their deferip lions agree 
with this. The abdomen of this infe&I is more ex- 
tended, the daws larger, and much more obtufe j the 
body of lh- other being nearly orbicular, the daws 
flenjer, ana almoit terminating in a point, more trans- 
parent, and of a paler colour. Mr Marlham has one 
in lit 6 pofidlion not to be difliug 4 ii{hed from that re- 
prefented in %. 42, excepting only that it wants the 
break or dent in the claws, which is fo conTpicuous 
in this* He found that infedt firmly fixed by its daws 
to the thigh of a large fly, which he caught on a 
flower in LfTcx in the tirfl week of Augufl, and from 
which he could not difengage it without great difficul- 
ty! and tearing ait the leg of the fly This was done 
upon a piece of writing paper ; and he was furprifed 
to fee the little creature fpriug forward a quarter of 
an inch, and again Seize the thigh with its claws, fo 
that be had great difficulty in disengaging it. The na- 
tural Size of this creature, which Mr Adams calls the 
Ubjhr* in fitly is exhibited at a . 

Fig. 43. fhows the infect named by M. de Geer 
Phyfapusy on account of the bladders at its feet* 

(Thrift phyfapusy LinJ. This infect is to be found in 
great plenty upon the flowers of dandelion, &c. in 
the fpriug and fummer. It lias four wings, two up- 
per and two under ones (reprefented fig. 44. } 'but 
the two under mo it are not to be perceived without 
great difficulty, They are very long ; and fixedJio the 
upper part of the bread, lying horizontally Doth of 
them are rather pointed towards the edges* and have 
a ftrong nerve running round them, which is fet with 
a hair fringe tuited at the extremity. The colour of 
thefe wings is whitifh : the body of the in fed: is black j, 
the head fmall, with two large reticular eyes* The an- 
tennae arc of an equal fizc throughout, and divided in- 
to fix oval pieces, which are articulated together. * — 

The extremities of the feet are furmihed with a mem* 
branaccous and flexible bladder, which it can throw 
out or draw in at pleafure. It prdTes this bladder 
againft the fubilances on which it walks, and thus 
Seems to fix itfdf to them ; the bladder fometimesr 
appears concave towards the bottom, the concavity 
diminishing as it is lefs pieffed. The infeft is repre- 
fen ted of its natural fize at h* 

Fig. 45, represents the Cimcx Jlrmius of Linn^us, 
remarkable for very bright and elegantly dlfpofed 
colours, though few in number. The head, pro- 
bofeisj and thorax, are black : the thorax orna* 
raented with yellow Spots ; the middle one large* 
and occupying almoft one-third of the poilerior part ; 
the other two are on each tide, and triangular. 

The fcuteUum has two yeliosv oblong fpots, pointed 
at each end. The ground of the elytra is a bright 
yellow. Spotted and imped with black* The nerves 
are yellow ; and there is a brilliant triangular fpot of 
orange, which unites the cru filaceous and membrane 

ceous. 
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'Jv'icrnfcope ceotis parts ; the latter are brown, and clouded. It is 
.w— y—~ found on the elm* tree in June. It is represented of its 
natural fize at r. 

rig. 46. (hows the Chryfomela nfparagi of Linnaeus* 
fo called from the larva of the infett feeding upon that 
plant. It is a common infe&, and very beautiful. It 
is of an oblong figure* with black antennas, compofed 
of many joints* nearly oval. The head is a deep and 
bright blue; the thorax red and cylindrical: the elytra 
are blue, with a yellow margin, and having three fpots of 
thefame colour on each ; one at the bafe, of an oblong 
form, and two united with the margin : the legs are 
black; but the under fide of the belly is of the fame 
blue colour with the elytra and head. This little ani- 
mal, when viewed by the naked eye, fcarcely appears 
to deferve any notice ; but when examined by the mi- 
crofcope, is one of the moll plealing opaque ob- 
jects we have. It is found in June on the aipa 
ragus after it has run to feed ; and it is fhown of its 
natural lize at d. De Geer fays that it is very fcarce 
in Sweden. 

Fig. 47. {hows an infe£l of a fhape fo remarkable, 
that naturalills have been at a lofs to determine the 
genus to which it belongs. In the Fauna Suecica, 
Linnaeus makes it an n ttelalmj : but in the lad edi- 
tion of the Syllcma Naturx, it is ranged as a me- 
loe, under the title of the Meloe monouros ; though of 
this alfo there feems to be fome doubt. The true figure 
of it can only be difeovered by a very good mierofeope. 
The head is black, and appears to be hid or buried 
under the thorax, which projeCls forward like a horn: 
the antenmc are compofed of many joints, and are of 
a dirty yellow colour, as well as the feet : the hinder 
part of the thorax is reddifn, the fore-part black. — 
The elytra are yellow, with a black longitudinal line 
down the future ; there is a band of the fame colour 
near the apex, and alfo a black point near the bafe, the 
whole animal being curioufly covered with hair. The 
natural lize of it is fhown at c. It was found in May. 
Geoffrey fays that it lives upon umbelliferous plants. 

Fig. 4^—53. exhibit the anatomy of the coffus ca- 
terpillar, which lives 011 the willow. The egg from 
which it proceeds is attached to the trunk of the 
tree by a kind of vifeous juice, which foon becomes 
fo hard that the rain cannot diflolve it. The egg itfelf 
is very fmall and fpheroidal, and, when examined by 
the mierofeope, appears to have broad waving furrows 
running through the whole length of it, which are 
again crofTed by clofe flreaks, giving it the appearance 
of a wicker baJket. It is not exactly known what 
time they are hatched ; but as the fmall caterpillars 
appear in September, it is probable that the eggs are 
hatched fome time in Augull. When fmall, they are 
generally met with under the bark of the tree to which 
the eggs were affixed ; and an aqueous moidurc, oozing 
from the hole through which they got under the bark, 
is frequently, though not always, a direction for find- 
ing them. Thefe caterpillars change their colour but 
very little, being nearly the fame when young as when 
old. Like many others, they are capable ui fpinning 
as foon as they come from the egg. They alfo change 
their fkin feveral times ; but as it is almoil impoflible 
to rear them under a glafs, fo it is very difficult to 
know exactly how often this moulting takes place. — 
jMr Adams conjc&ures that it is more frequently than 


the generality of caterpillars do, fome having been MkroKcope 
obferved to change more than nine times, J 

The codus generally fulls for fome days previous to 
the moulting ; during which time the flelhy and other 
interior parts of the head are detached from the old 
(kull, and retire as it were within the neck. The new 
coverings foon grow on, but are at tiril very foft. — « 

When the new llcin and the other parts are formed, 
the old {kin is to be opened, and all the members with- 
drawn from it ; an operation naturally difficult, but 
which mud be rendered more fo from the foft and weak 
date of the creature at that time. It is always much 
larger after each change. 

From Mr Lyonet’s experiments, it appears, that the 
codus generally paffes at lead two winters, if not three, 
before it afiitmes the pupa date. At the approach of 
winter, it forms a little cafe, the infide of which is 
lined with lilk, and the outfide covered with wood 
ground like very line faw-dud. During the whole 
feafon it neither moves nor eats. 

This caterpillar, at its firil appearance, is not above 
one-twelfth of an inch long; but at lail attains the 
length of two, and fometimes of three inches. In the 
month of May it prepares for the pupa date ; the firll 
care being to find a hole in the tree fufficient to allow 
the moth to iffue forth ; and if this cannot be found, 
it makes one equal in lize to the future pupa. It then 
begins to form of wood a cafe or cone ; uniting the 
bits, which are very thin, together by fiJk, into the 
form of an ellipfoid, the outfide being formed of fmall 
bits of wood joined together in all dirt&ions ; taking 
care, however, that the pointed end of the cafe may 
always be oppolite to the mouth of the hole : having 
iinilhed the outfide of the cafe, it lines the infide with 
a iilken tapeilry of a clofe texture in all its parts, ex- 
cept the pointed end, where the texture is looler, in 
order to facilitate its efeape at the proper time. The 
caterpillar then places itfelf in fuch a podure, that the 
head may always lie towards the opening of the hole 
in the tree or pointed end of its cafe. Thus it re- 
mains at red for fome time: the colour of the fkin firfl 
becomes pale, and afterwards brown ; the interior 
parts of the head are detached from the fkull ; the 
legs withdraw themfelvcs from the exteiior cafe ; the 
body fhortens ; the poilerior part grows fmall, while 
the anterior part fwclls fo much, that the /kin at lad 
burlls ; and, by a variety of motions, is puffied doww 
to the tail; and thus the pupa is exhibited, in which 
the parts of the future moth may be eafily traced. — 

The covering of the pupa, though at fird foft, 
humid, and white, foon dries and hardens, and be- 
comes of a dark purple colour : the poderior part 
is moveable ; but not the fore-part, which contains 
the rudiments of the head, legs, and wings. The 
fore-part of the pupa is furnifhed with two horns, 
one above and the other under the eyes. It has alfo 
feveral rows of points on its back. It remains for 
fome weeks in the cafe ; after which the moth begin* 
to agitate itfelf, and the points are then of efTential 
fervice, by aCling as a fulcrum, upon which it may rcll 
in its endeavours to proceed forward, and not flip 
back by its efforts for that purpoie. 

The moth generally continues its endeavours to open 
the cafe for a quarter of an hour; after which, by re- 
doubled efforts, it enlarges the hole, and preffes for- 
ward 
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'JaEcfofcope ward until It arrives at the edge, where it makes a full 

- * — flop, left by advancing further it fhoutd fall to the 

ground. After having in this manner repofed itfelf 
for fume time, it begins to di fen gage itfelf entirely ; 
and having reded fur fame hours with its head upward 
it becomes I ft for aft tom Mr Marfham fays* that it 
generally puihes .crtie thud of the cafe out of the hole 
before it halts. 

The body of the caterpillar is divided into twelve 
■rings, marked t, 2, 3, &c. ns reprefented in fig. 481 
49. yc. 1 ;u each of which k diiriuguifhed from that 
which precedes, and that which follows, by a kind of 
neck or hollow ; and, by forming boundaries to the 
rin;s, we make twelve other divifions, like wife cx- 
preffed in the figures ; but to the fir it of thefe the 
word ring is affixed, and to the fecond, dhijian* To 
facilitate the description of this animal, M. Lyonet 
fuppofed a line to pafs down through the middle of 
the hack, which he called the fuperior line, beeaufe it 
marked the moil elevated part of the back of the ca- 
terpillar ; and another, palling from the head down 
the belly to the tail, he called the inferior line. 

All caterpillars have a fmah organ, refembling an 
elliptic fp o t , on the right and left of each ring, ex* 
cep ting the fecund, third, and lalt j and by thefe we 
are turn iflied with a further fubdivifion of this caterpil- 
lar, viz. by lines palling through tlie fpiracula, the one 
on the right fide, the other on the left of the cate rp fi- 
lar. Thefe four lines, which divide the caterpillar 
longitudinally Into four equal parts, mark each the 
place under the fkin which is occupied by a con fid ar- 
able vifeus. Under the fuperior line lies the heart, or 
rather thread of hearts ; over the inferior line, the Ipi 
txal marrow ; and the two tracheal arteries follow the 
courfe of the lateral lines. At equal diftances from 
the fuperior and two lateral lines, we may fuppofe 
four intermediate Hues. The two between the fupe- 
rior and lateral lines are called the intermediate fupe* 
rior ; the two others oppofite to them, and between 
the lateral and inferior lines, are called the intermediate 
inferior. 

Fig. 48. 49. fhow the mufcles of the caterpillar, ar- 
ranged with the moil wonderful fy mint try and order, 
efpecially when taken off by equal itrata on both fides, 
which exhibits an aftoni fixing and exaft form and cor- 
refpondence in them. The figures fiiow the mufcles 
of two different caterpillars opened at the belly, and 
fuppofed to be joined together at the fuperior lines. 
The mufcles of the back are marked by capitals ; the 
gaflric mufcles by Roman letters ; the lateral ones by 
Greek characters. Thofe marked S are called, by M. 
Lyonet, dividing mufeks, on account of their iitua- 
tion. 

The caterpillar was prepared for dtffeftion by being 
emptied, and the mufcles, nerves, &c. freed from the 
fat in the manner formerly directed ; after which the 
following obfervations were made. 

The mufcle A iu the firll ring is double ; the ante- 
rior one being thick at top* and being apparently di- 
vided into different mufcles on the upper fide, but 
without any appearance of tins kind on the under 
fide. One infertion k at the fkin of the neck towards 
the head ; the other is a little above ; and that of the 
fecond mufcle A is a little below the firll fpiraculum, 
near which they are fixed to the fkin. 
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The mufcle marked a is long and flender, fixed by Micro!- 
its anterior extremity under the gailric muleles a and — v- 
b of the firll ring, to the cireumikx fcak of the bafe 
of the lower lip. It communicates with the mufcle 
c of the fecond ring, after having palled under fume 
of the arteries, and introduced itfdf below the 
mufcle 

The mufcle 0 is fo tender, that it is fcarce poffibk 
to open the belly of the caterpillar without breaking 
it, it is fume times double, and fometimes triple. -- 
Anteriorly it is fixed to the pofterior edge of the 
fide of the parietal leak, the lower fixture being at t he 
middle of the ring near the Inferior line. 

There are three mufcles marked % ; the fit El affixed 
at one extremity near the lower edge of the upper 
part of the parietal feale ; the other end divides itfdf 
into three or four tails, fixed to the Ikiti of the ca- 
terpillar under the mufcle j. The anterior part of 
the fecond is fixed near the firll ; the anterior part 
of the third a little under the firll and fecond, at the 
fkin of the neck under the mufcle A, Thefe two lalt 
paiFing over the cavity of the firll pair of limbs, are 
fixed by i'eyeral tails to the edge oppofite to this ca- 
vity. In this fubjett there are two mufcles marked 

but fome times there is only one anteriorly ; the) 
arc fixed to the lower edge oj the parietal kale, the 
other ends being inferred in the tiril fold of the Qriu 
of the neck on the belly- fide. Fig, ^o. bell repre* 

Tents the muleles 0 and # ; as in that figure they 
do not appear injured by any unnatural connection. 

In the fecond and four following rings we dif- 
com two large dorfal mufcles A and E. In the 7th, 

9th, and icth rings are three, A, 13 , and C { in 
the ii th are four. A, B, C, and D ; and in the an- 
terior part of the 12th ring are five, A, B, C, D, 
and E. All thefe ranges of mufcles, however, a* 
well as the gaftric mufcles a, b, e, J, appear at firll 
fight only as a Tingle mufcle, running neaily the whole 
length of the caterpillar ; but when this is detached 
from the animal, it is found to con fill of fo many di- 
ilinft mufcles, each con filling only of the length of 
one of the rings, their extremities being fixed to the 
divilion of each ring, excepting the middle mufcle a* 
which* at the 6th, 7th, 8th, and 9th rings, has its 
infertions rather beyond the divifion. Each row of 
mufcles appears as one, beeaufe they are clofely con- 
nected at top by fome of the fibres which pafs from 
one ring to the other. 

The mufcles A, which are 12 in number, gradu* 
ally dimimfh in breadth to the lower part of the latl 
ring : at the 8th and three following divifions they 
communicate with the mufcles B, and at the 11th 
with D. In the lower part of the lail ring, A is 
much broader than it was in the preceding ring; one 
extremity of it is con trailed, and communicates with 
B ; the lower infer lion being at the membrane I, 
which is the exterior Ik in of the fecal bag. The 
mufcles A and B, on the lower part of theiafl ring, 
cannot be feen until a large mufcle is removed, which 
on one fide k fixed to the fubdivifion of the ring and 
on the other to the fecal bag. 

The right mufdcs E, which are alfo 12 in num- 
ber, begin at the fecond ring, and grow larger from 
thence to the feveuth. i. hey are ufuafiy narrower 
from thence to the i;th ; the deficiency in width he- 
5 C log 
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Mierofcopc ing fupplied by the fix mufcles C, which accompany 
w — v -- it from the 7th to the fub divifion of the 12th nn^ 
The mu foies B and C communicate laterally with 
the 8th, nth, and nth divifions. C Is wanting at 
the fnbdivifioti of the 12th; its place being here 
{applied by B, which becomes broader at this part, 

The firfl of the three floating mufcles V originates 
□t the firft ring, from whence it Introduces itfelf tin- 
der N, where it is fixed, and then fub divides, and 
hides itfelf under other parts. The fecond begins at 
the fecoml divifion, being fixed to the anterior extre- 
mity B of the fecond ring ; ftom thence direfting it- 
felf towards the ftomach ; and, after communicating 
with the cafe of the corpus crajfum* it divides, and 
fpreads into eight mttfoks which run along the belly. 
The third begins at the third divifion, originating 
partly at the fkln, and partly at the jun&ton of the 
mufeks B of the fecond and third ring. It direAs 
itfelf obliquely towards the belly, meeting it near the 
third fpiraemum ; and branching from thence, it 
forms the oblique mufcles of fome of the vifeera. 

The thin, long, mufcle K which is at the fuhdjvU 
firm of the laft ring, and covers the anterior infertion 
of the mufcle (0) where the ring terminates, is iinglc* 
It begins at one extremity of the mufcle (V) ; at the 
fore part of the ring runs along the fubdivilion 
round the belly of the caterpillar, and finishes, ou the 
other fide, at the extremity of a fimilar mufcle C. 

Fig. 49. (hows the dorfal mufcles of the coffus. 
To view which in an advantageous manner, we mutt 
ufe the following mode ot preparation. 

1. All the dorfal mufcles, 35 In number, mud be 
taken out, as well as the feven lateral ones already 
deferibed. 

2. All the ftratght mufcles of the belly mull be taken 
away, as well as the mufcular roots {r) t and the ends 
of the gaftric mufcles (*:), which are at the third and 
fourth divide ns. 

3. At the fecond divifi m the mufcle s mud be re- 
moved ; only the extremities being left to (how where 
it was inferted. 

The parts being thus prepared, we begin at the 
third ring ; where there are found four dorfal mufcles 
C, D- E, and F. The firtt one C, is infened at 
the third divifion, under the mufcles $ and where 
it communicates by means of fome fibres with the 
mufcle /of the fecond ring; proceeding from thence 
obliquely towards the iniermediate fuperior line, and 
is fixed at the fourth divifion. As foou as C is re- 
trenched, the mufcle D is feen ; which grows wider 
from the anterior extremity ; it lies in a contrary di- 
rection to the mufcle C, and is inferted into the third 
and fourth divifions. The mufcle JE lies in the fame 
diie&ion as the mufcle C, but not fo obliquely: the 
lower infertion is at the fourth divifion ; the other at 
the third, immediately under C* The mufcle F is 
nearly parallel to D which joins it ; the firtt infertion 
is vifible,' but the other is hid under the mufcles E and 
G at the fourth divifion. 

In the eight following rings, there are only two 
dorfal mufcles ; and of theft: D is the only one that 
is completely feen. It is very large, and dimi nifties 
gradually in breadth from one ring to the other, till 
it comes to the lad, fending off branches In fome 


places.— E is one of the ftrait mufcles of the back ; Micro ft opc 
and is inferted under the dividing mufcles *, at the di- 
vifidns of its own ring. 

On the anterior part of the 12th ring there are 
three dorfal mufcles, D, E, and F, D is fimilar to 
that of the preceding ring, marked alfo D, only that 
it is no more than half the length ; terminating at 
the fubdivifion of its own ring, E is of the fame 
length, and differs from the mufcle E of the preced- 
ing ring only in its direction. F is parallel to E, 
and ihorter than it j its anterior end does not reach 
the twelfth divifion. 

On the poller ior part there is only one dorfal 
mufcle, fattened by fome fhort ones to the fubdivi- 
fion of the lafi ring, traverfing the mufcles « ; and be- 
ing fixed there as if defigned to (lengthen them, and 
to vary their direction — x is a fingk mufcle, of which 
the anterior infertion Is vifible, the other end being 
fixed to the bottom of the foot of the laft leg ; its 
ufe is to move the foot. The anterior part of the 
mufcle branches into three or four heads, which 
crafs the fuperior line obliquely, and are fixed to the 
fkln a little above it. The other end is fattened to 
the membrane T. 

Fig. 50. and jr, lhaw the mufcles of the caterpil- 
lar when it is opened at the back. The preparation 
for this view is to difengage the fat and other extra- 
neous matter, as before dirc&ed. 

The firtt ring has only two gaftric mufcles (tf) and 
(/) : the former is broad, and has three or four little 
tails : the firft fixture is at the bafe of the lower lip, 
from whence it defeends obliquely, and is fixed be- 
tween the inferior and lateral line. The {mall mufcle 
(V) is fattened on one fide to the firtt fpiracnlum ; on 
the other, a little lower, to the intermediate inferior 
and lateral line ; and feems to be an antagonist to 
the mufcle P, which opens the fpiracula. The po- 
tter! or fixture of j is under the mufcle C, near the 
fkin of the neck : a is fixed a little on the other fide 
of C, at the middle of the ring. 

In the fecond ring there are three gaftric mufoks, 

Z>, and l : g and h are fixed at the folds which ter- 
minate the ring ; but only the anterior part of i is 
fixed there. The mufcle b is triple, and in one of the 
divifions fepa rated into two parts; that marked i 
comes nearer the inferior line, and is fixed a little be- 
yond the middle of the ring, where the comfpond- 
ing mufcle of the oppofite fide is forked to receive it. 

In the third ring, the mufcle /;, which was triple 
in the foregoing ring, is only double here, that part 
which is neared the inferior line being broadeli : it 
has three tails, of which only two arc vifible in the ' 
figure. It is exactly fimilar to that of the preceding 
ring ; and k crofted in the fame manner by the mufcle 
from the oppofite fide of the ring. 

Throughout the eight following rings, the mufcle 
/ which rims through them all is very broad and 
fir on g. The anterior part of it is fixed at the inter- 
mediate inferior line, on the fold of the firft divifion 
of the ring : the other part is fixed beyond the lower 
divifion ; with this difference, that at the 10th and 
ilth rings it is fixed at the laft fold of its ring ; 
whereas, in the others it pnffes over that ring, and is 
inferted into the fit In of the following one. In all 

thefe, 
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Iffcroftope thefe, the firft extremity of the mufcle g is faftened 
to the fold which feparatea the ring from the pre- 
ceding one, and is parallel to f, and placed at the 
fide of it. The fix firft mufcles marked g % are fork- 
ed ; that of the fourth ring being more fo than the 
reft, nor does it unite till near its anterior mfertiom 
The longdt tail lays hold of the following, and is 
inferted near the inferior line ; the other mfeits itfelf 
near the fame line, at about the middle of its own 
ring. The two laft do not branch out ; but termi- 
nate at the divifions, without reaching the follow- 
ing ring. The mufcle h r placed at the fide of f f has 
nearly the fame direction, and fioifhes at the folds of 
the ring. 

The anterior part of the 12th ring has only one 
gdtric mufcle, marked c : it is placed on the inter- 
mediate inferior line ; and is inferted at the folds of 
the upper didiion, and at the lubdivifion ot this 
ring. The lower part has a larger mufcle marked 
r, with i'everal divifions; one placed under b y with 
one extremity fixed near the lateral line, at the 
fubdivifion of ita ring; the other to the fecal bag, 
a little lower than the mufcle k 

In fig, 51. all the gaftrie mufcles described in fig. 
difappear, as well as thofe lateral and dorial 
ones of which the letters are not to be found in 
this figure* 

In the firft ring are the gaftrie mufcles, e 7 g f 
which are belt fee 11 here : the fir It is narrow and long, 
palling under and croffing f : one of its infertion 3 is 
at the lower line, the other at the lateral, between 
the fpiraculum and neck; f is fhort, broad, and near- 
ly ilraight, placed along the intermediate line ; but be- 
tween it and the lateral it paifes under r, and is fixed 
to the fold of the fkin which goes from the one bag 
to the other ; the lower infertion is near the fecond 
divifion. There are fometimea three mufcles of thofe 
marked and fometimes four ; the lower parts of 
them arc fixed about the middle of the ring, and the 
anterior parts at the fold of the Ikln near the neck. 
The mufcles i and £ are fixed to the fame fold; the 
other end of h being fixed under the mufcle n , near 
the fpiraculum* Above the upper end of /, a muf- 
cular body, g t may be feen. It is formed by the re- 
paration of two floating mufcles. 

The fecond ring has fix gatlric mufcles, ot, n 7 
0, p. The firft is a large oblique mufcle, with three 
or four divifions placed at the anterior part of the 
ring ; the head is fixed between the inferior line and 
its intermediate one, at the fold of the fecond divi- 
fion; from whence it erodes the inferior line and its 
co rrcfp ending mufcle, terminating to the right and 
left of the line, I is a narrow mufcle, whole head is 
fixed to the fold of the fecond divifion ; the tail of it 
lying under n t and fattened to the edge of the Ik in 
that forms the cavity for the leg* The two mufcles 
marked m have the fame obliquity, and are placed the 
one on the other : the head is inlerted in the flein un- 
der the mufcle and communicates by a number of 
fibres with the tail of the mufcle y ; the other end is 
fixed to the intermediate Inferior line at the fold of 
the third divifion. The large and broad mufcle n f 
covers the lower edge of the cavity of the limb, and 
the extremity of the tail of /* It is fixed firit at the 
fkin, near the intermediate line, from whence it goes 


in a perpendicular dire&ion towards ot, and introduces Micro wap* 
iifelf under 0 and m f where it is fixed. The mufcle 0 ’“"" v 
is narrow nod bent, and covers the edge of the cavity 
of the leg for a little way; one end terminating there, 
and the other finifhing at the third divifion near w* 

That marked p is alfo bent : it runs near the anterior 
edge of the cavity of the leg ; one end meets the head 
of the other end terminates at a raifed fold near the 
inferior line. There is a triangular mufcle on the fide 
of the lateral mulcle c, fum la r to that marked g in the, 
following ring : in this figure it is entirely concealed 
by the mufcle m*\ 

The third ring has no mufcle fimilar to m ; thaf 
marked k difiers only from that of the fecond ring 
in being eroded by the oppofitc mufcle. Thofe mark' 
ed /, 0 , py are fimilar to thofe of the preceding one-) 

The mufcle q is triangular ; the bafe is fattened to the 
laft fold of the ring ; on the lower fide it is fixed to 
the mufcle p, the top to the fkin at the edge of the 
cavity for the leg. 

The eight following rings have the gaftrie mufcles, 

/, I, /, and ot. The mufcle t is quite ftruight, and 
placed at fome dittance from the inferior line : it is 
broad at the fourth ring, but diminilhes gradually in 
breadth to die 1 ith* In the fourth it is united; but 
divides into two heads, which divaricate in the fol- 
lowing rings* In the fix next rings thefe heads are fixed 
nearly at the fame place with a and f ; and in 
the other two it terminates at the fold of the ring. 

The anterior infertion of the firft and latt is at the 
fold where the ring begins 1 that of the fix others is 
fumewhat lower under the place where the mufcle i 
terminates. The lower part of the oblique mufcle k 
is inferted in the ikin near/’; the upper part at the in- 
termediate inferior raufcle upon the fold which feparates 
the following ring, but Is wanting in the 1 ith* The 
mufcle / is large, and co-operates with M : in the 
opening and fhutting the fpiraculum, one of its fix^ 
tures is near the intermediate inferior line, at about 
the fame height as /. The tail terminates a little be- 
low the fpiraculum. 

The twelfth ring has only the frngle gailric mufcle 
ti\ which is a bundle of fix, feven, or eight mufcles : 
the firft fixture of thefe Is at the fubdivifion of the 
ring near the inferior fine ; one or two crofs this, and 
at the fame time the fimilar mufcles of the oppofite 
fide* Their fixture is at the bottom of the foot ; and 
their office is to affift the mufcle a in bringing back 
the foot, and to loo fen the claw from what it lays 
hold of* One of the infertions of this mufcle a is 
obferved in this figure near //, the other near the fub- 
divifion of the ring. 

Fig* 52. and 53. fiiow the organization of the 
head of the coftus, though in a very impel fed man- 
ner, as M, Lyonet found it nee diary to employ 
tnuuftty figures to explain it fully. The head is re-* 
p re fen ted as it appears when fepatated from the fat, 
and difengaged from the neck* HH are the two pal- 
pi. The truncated mufcles D belong to the lower 
lip, and aftift in moving it. K fhows the two gan- 
glions of the neck united* 1 1 arc the two veftels which 
affift in fpinning the filk* L, the oslophagus. M» 
the two difibiving vdTels* The Hebrew characters 
ffilttv the continuation of the four cephalic ar- 
teries. In fig, 52, the ten abductor taufdes of the jaw 
5C 2 a»e 
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Jvli confer pe are reprefented by SS, TT, VV, and Z. Four occi- 
^ pital mu Tcbs are Teen in fig. 53, under ee End fj. At 
ak id roprt ftnted a nerve of the iirft pair belonging 
to the ganglion of the neck ; b is a branch oi this 


Fig. 54, exhibits the nerves as Teen fiom the under 
part ; but excepting in two or three nerves, which 
may be eafily diftinguifhed, only one of each pair is 
drawn, in order to avoid eonfuiion. Hie nerves of 
the iirli ganglion of the neck are marked by capital 
letters, tnofe of the ganglion (a) of the head by Ro- 
man letters; the nerves of tire fmall ganglion by Greek 
char after s. Thofe of the frontal ganglion, except 

one, by numbers. 

The mufcles of the enffus have neither the colour 
nor form of thofe of larger animals. In their natu- 
ral date they are foft, and of the confidence of a jelly. 
Their colour is a greyifti blue, which, with the lilver- 
colourcd appear: nee of the pulmonary veil els, form a 
glorious fpcdfacle. After the caterpillar has been 
ioaked for fame time In fpirit of wine, they lofe their 
dailicity and tranfpurency, becoming urm, opaque, and 
white, and the air*vefTds totally difappear. The num- 
ber of mufcles in a caterpillar is very great. The 
greateft part of the head is eompufed of them, and 
there is a va!l number about the oefephagus, iiue- 
ilines, &c. the Ikin id, as it were, lined by different 
bids of them, placed the one under the other, and 
ranged with great fymmetry. M. Lyonet lias been 
able to dittingmih zzS in the head, 1647 in the 
body, and 2066 in the inteiliual tube, making in all 


At firft fight the mufcles might be taken for ten* 
dons, as being of the lame colour, anti having nearly 
the fame luftre* They are generally flat, and of an 
equal iize throughout ; the middle fcldom differing 
either in colour or fixe from either of the extremities- 


If they arc feparated, however, by means of very fine 
needles, in a drop of fomc fluid, we hnd diem com- 
poled not only of fibres, membranes* and air-vtffele, 
but like wife of nerves; and, from the drops of oil 
that may be feea floating on the fluid, they appear 
alfotobe furndhed with manyun&uous particles. Their 
ends are fixed to the fkki> but the reft of the mufcle 
is generally free and floating. Several of them branch 
out eon fiderably ; and the branches fome times extend 
ib far, that it ts not eafy to difeover whether they 
arc di Hindi and feparate mufcles or parts of another. 
They are moderately iteong ; and thofe which have 
been foaked in fpirit of wine, when examined by the 
jjvcrofcopc, are found to be covered with a membrane 
which may be fe pa rated from them; and they appear 
then to conirvt of feveral parallel bands lying longi- 
tudinally along the mufcle, which, when divided by 
means of line needle?, appear to be compofed of ftili 
fmaller bundles of fibres lying in the fame direction ; 
which, when examined by a powerful magnifier, and 
In a favourable light, appear twilled like a fmall cord. 
The mufcular fibres oF the fpider, which are much 
larger than thofe of the caterpillar, confift of two dif- 
ferent fubftances, one foft and the other hard ; the 
latter being twilled round the former fpirally, and 
thus giving it the twifled appearance juft mentioned* 
There is nothing in the caterpillar fimilar to the 
brain in man. We And indeed in the head of this 


intent a part from which all the nerves feem to pro. Mkrofeofe 

ceed ; but this part is entirely unprotected, and fo -* 

fmall, that It does not occupy one fifth part of the 

head : the furface is fmooth, and has neither lobes 

nor any anfrachiofity like the human brain. But if 

we call this a brain in the caterpillar, we mud fay 

that it has thirteen t for there are twelve other fuch 

parts following each other in a ilraight line, all of 

them of the fame fubftance with that In the head, and 

nearly of the fame iize ; and from them, as well as 

from that in the head, the nerves arc diftributed thro* 

the body. 

i he fpinal marrow in the coifus goes along the 
belly ; is very fra all, forking out at intervals, nearly 
of the fame thickaefs throughout, except at the gan- 
glions, and is not inclofed in any cafe* It is by no r 
means fo tender as in man ; but has a great degree 
of tenacity, and does not break without a conlide- 
rable degree of tenlion. The fubftance of the gan- 
glions differs from that of the fpinal marrow, as no 
velfels can be di {covered in the latter; but the For- 
mer are full of very delicate ones. There are 94 
principal nerves, which divide into innumerable rami- 
bcati ons. 

The coffus has two brge tracheal arteries, creeping 
under the Ikin clofe to the fpiracula* one at the right 
and the other at the left fide of the infect, each of 
them communicating with the air by means of nine 
iplracnki. They are nearly as long as the whole ca- 
terpillar; beginning at the nr ft. fpiracutum, and ex- 
tending fome what farther than the laft ; fome branch- 
es alfo extending quite to the extremity of the body. 

Round each fpiraculum the trachea pufhes forth a 
great number of branches, which are again divided 
into fmaller ones, and thefe further fubdivide and 
fpread through the whole body of the caterpillar. The 
tracheal artery, with all its numerous ramifications^ 
arc open elaftic veffels, which may be prefled clofe to- 
gether, or drawn out coniiderably, but return imme- 
diately to their ufual Iize when the tenlion ceafes. 

They are naturally of a Giver colour, and make a 
beautiful appearance. This vefiel, with its principal 
branches* is compofed of three coats, which may be 
feparated from one another. The out mo ft is a thick 
membrane furnifhed with a great variety of fibres, 
which deferibe a vaft number of circles round it, com- 
municating with each other by numerous fhoots. The 
fecund is very thin and tranfparent, without any par- 
ticular vcffel being diftinguilhable in it. The third is 
compofed of fcaly threads, generally of a fpiral form 
and fo near each other as fcarcely to leave any inter- 
val. They are curioufly united with the membrane 
which occupies the intervals ; and form a tube which 
is always open, not with Handing the flexure of the 
vefiel. There are alfo many other peculiarities in its 
ftru£lure. The principal tracheal vdicls divide into 
1326 d i Here nt b ran ches. 

The heart of the coflus is very different from that of 
larger animals, being almoft as long as the animal it- 
fel£ It lies immediately under the Ikin at the top of 
the back, entering the head, and terminating near the 
mouth. Towards the laft rings of the body it is large 
and capacious, dimiuiflung very much as it approaches 
the head, from the fourth to the twelfth di viiion. On 
both Tides, at each di viiion, it has an appendage, which 

v * . partly 
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Mfcrofc&pe partly covers the mercies of the back, but which, 
h. - y— growing narrower as it approaches the lateral line, it 
forms a number of irregular lozenge-lhaped bodies, — 
This however, feems to perform none of the 

functions of the heart in larger animals, as we find no 
veffei opening into it which anfwers either to the aorta 
or vena cava. It is called the heart, beeaufe it ia ge- 
nerally filled with a kind of lymph, which, naturalub 
have fuppofed to be the blood of the catei pillar j and 
becaufe in all caterpillars which have a tran {parent 
fkin, we may perceive alternate regular contractions 
and dilatations along the feperior line, beginning at the 
eleventh ring, and proceeding from ring to ring, from 
the fourth ; whence this veffel is thought to be a tiring 
or row of hearts. There are two white oblong bodies 
which join the heart near the eighth divifkm - and 
thefe have been called rent form bodies, from their 1 la- 
ving feme what of the fhape of a kidney. 

The moll considerable part of the whole caterpillar 
with regard to bulk is the corpus craffum. It is the 
firil and only fubliance that i&feen on opening it. It 
forms a kind of fheath which envelopes and covers all 
the entrails, and, introducing itfelf into the head, en- 
ters all the mufcles of the body, filling the greateft 
part of the empty fpates in the caterpillar. It very 
much refembles the configuration of the human brain, 
and is of a milk-white colour. 

The oefophagus defeends from the bottom of the 
mouth to about the fourth divifion. The fore-part, 
which is in the head, is flefhy, narrow, and fixed by 
different mufcles to the cruftaceous parts of it ; the 
lower part, which pafles into the body, is wider, and 
forms a kind of membranaceous bag, covered with 
very ftnall mufcles ; near the ftomach it is narrower, 
and, as it were, confined by a llvong nerve fixed to it 
at diftant intervals. The ventricle begins a little above 
the fourth divifion, where the oefophagus ends, and 
fir.i flies at the tenth. It is about feven times as long 
as broad ; and the anterior part* which is broadtdl, is 
generally folded. Thefe folds diminifh with the bulk 
as it approaches the intefimes ; the furface is covered 
with a great number of aerial veffels, and open % Into a 
tube, which M. Lyonet calls the large intettine* — 
There are three of thefe large tubes, each of which 
differs fa much from the refi, as to require a particular 
name to dtftinguifh it from them. 

The two vdfels from which the coffus fpins its filk 
are often above three inches long, and are diitinguifii- 
ed into three parts ; the anterior, intermediate, and 
pofterior. It has likewifetwo other vcfTds, which are 
fuppofed to prepare and contain the liquor for dife 
folvmg the wood on which it feeds. 

Plate Fig. fhews the wing of an earwig magnified j 
CCCiV', a reprefents it of the natural ftze. 'I he wings of this 
infect are fo artificially folded up under fiiort cafe s, 
that few people imagine they have any. Indeed, they 
very rarely make ufe of their wingSv The cales under 
which they are concealed are not more than a fixth part 
-of the fize of one wing, though a final! part of the 
wing may be difeovered, on a careful fefpedtion, pro* 
jedting from under them. The upper part of the wing 
is cruilaceous and opaque, but the under part is beau- 
tifully tranfparent. In putting up their wings, they 
firil fold back the parts AB 5 and then ftiut up the 
ribs like a fan; the ttrong mufcles ufed for this purpofe 
being feen at the upper part of the figure* Some of 


the ribs are extended from the centre to the outer edge; Mk^ifeope 
others only from the edge about half way ; but they 
are all united by a kind of band, at a fmaU but equal 
dillance from the edge ; the whole evidently contrived 
to (Lengthen the wing, and facilitate its various mo- 
tions* fbe in left itfelf differs very little in appear- 
ance in its three different flatci. De Getr afierts, that 
the female hatches eggs like a hen, and broods over 
her young ones as a ben does. 

Fig. 56. reprefents a wing of the Hemsrohius perla 
magnified. It is an infedl which leldom lives more 
than two or three days. —The wings h re nearly of 
a length, and exactly ihnilar to one another* They 
are competed of fine delicate nerves, regularly and 
elegantly difpofed as in the figure, beautifully a- 
dorned with hairs, and lightly tinged with green. 

I’he body is of a fine green colour ; and its eyes ap- 
pear like two burrufhed beads of gold, whence it has 
obtained the name of golcltn -eye Tills infeCt lays 
its eggs on the leaves of the plum or the rofe tree ; the 
eggs are of a white colour, and each of them fixed to 
a little pedicle or foot-balk, by which means they 
hand of} a little from the leaf, appearing like the fruc- 
tification of fome of the fnoifies. The larva proceed- 
ing from thefe eggs re fern bits that of the cocci oella or 
lady-cow, but is much more handfome. Like that, it t 
feeds upon aphides or pucerons, fucking their blood, 
and forming itfeif a cafe with their dried' bodies ; in 
which it changes into the pupa hate, from whence 
they afterwards emerge in the form of a fly. 

Fig. E, F, I, reprefent the dull of a moth’s wing 
magnified. This is of different figures in different 
moths. The natural fize of thefe fmall plumes is re- 
prefen ted at H. 

Fig. 57. (hows a part of the cornea of the libelltila 
magnified. In fomc pofitions of the light, the lidos 
of the hexagons appear of a line gold colour, and di- 
vided by three parallel lines. The natural fize of the 
part magnified is fhown at b . 

Fig. 58. fiiows the part c of a IcbCteTs cornea mag- 
nified. 

Fig. 59. (hows one of the arms or horns of the lepaa 
antifera, or barnacle, magnified ; its natural iize being 
represented at d . Each horn eoniitts of fever al joints, 
and each joint is fund fried on the concave fide of the 
arm with long hairs. When viewed in the microfcope, 
the arms appear rather opaque ; but they may be ren- 
dered transparent , and become a moil beautiful object, 
by extracting out of the interior cavity a bundle of 
longitudinal hbres, which runs the whole length of the 
arm. Mr Needham thinks that the motion and ufe of 
thefe arms* may ill ultra te the nature of the rotatory mo- 
tion in the wheel-animal. In the midft of the arms is 
an hollow trunk, confining of a jointed hairy tube, 
which indofes a long round tongue that can be putti- 
ed occasionally out of the tube or {heath* and retract- 
ed occafionally. The mouth of the animal con fills of 
fix laminae, which go off with a bend, indented like a 
faw on the convex edge, and by their circular difpofi- 
tion are fo ranged, that the teeth, in the alternate ele- 
vation and depreffian of each plate, a£t againff what- 
ever comes between them. The plates are placed to- 
gether in fetch a manner, that to the naked eye they 
form an aperture not much unlike the mouth of a 
contracted purfe* 

Fig, 6 q, fhows the apparatus of the Tabamts or Gad- 
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MicroftAf t fly, by which ft piercer the Hein of horfes and oxen, in 
^ Mi das. orc ] cr to fuck their blood* The whole is contained in a 
^**"" v ~*"~* fiefhy c?i"e, notexpreffed in the figure. The feelers aa 
are of a fpongy texture and grey colour, covered 
with fhort hairs 5 * They arc united to the head by a 
fmall joint of the lame fubftance, They defend the 
other parts of the apparatus, being laid upon it fide 
by fide whenever the animal Rings, and thus preferve 
k from external injury. The wound is made by the 
two lancets bb and B, which are of a delicate ftrufrure, 
but very Jharp, formed like the differing knife of aa 
Rnatomiil, growing gradually thicker to the back, — 
The two inll rumen ts cc and C, appear as if intended 
to enlarge the wound, by irritating the parts round It ; 
for which they aie jagged or toothed. They may alfo 
Terve, from their hard and liorny texture, to defend the 
lube *E, which is of a fofter nature, and tubular, to 
■admit the blood, and convey it to the ftomaeh. This 
part is totally inclofed in a line d p, which entirely 
cavers it. Thefe parts are drawn Separately at B, C, 

■ D t E, De Geer obfervt*, that only the females fuck 
the blood of animals ; and Reaumur informs us, that 
having made one, that had lucked its fill, di [gorge it* 
-felf, the blood it threw up appeared to him to be more 
than the whole body of the infect could have contain- 
ed. The natural fize of this apparatus is Ihown at f 

Tig, 61. [hows a bit of the Ikin of a lump-tiih ( Cy- 
c l opjerus) magnified. When a good fpedmen of this can 
"be procured, it forms a moll beautiful object* The 
tubercles exhibited iu the figure probably feerete an 
im£tuous juice. 

Fig, 6 2. [hows the fcale of a fea- perch found on the 
Englifh eoaft ; the natural iize is exhibited at /j. 

Fig* 63. is the fcale of an haddock magnified ; its 
natural fixe as wit Inn the circle. 

Fig* 64. the fcale of a parrot fifti from the Weft 
indies magnified ; / the natural tize of it. 

Fig. 65. the fcale of a kind of perch in the Weft 
Jnjdies magnified ; k the natural lize of the fcale* 

Fig. 6A part of the [kin of a foie filh, as viewed 
through an opaque microfcope ; the magnified part, 
in its real fize, fhown at /, 

The fcale s of fifties afford a great variety of beauti- 
ful objects for the microfcope. Some are long ; others 
round, fquare. See* varying cOnfiderably not only in 
different fifties, but even in different parts of the fame 
fifti. Leeuwenhoeck fuppofed them to con Jilt of an 
infinite number of fmall leaks or ftrata* of which thofe 
next to the body of the fifti are the largeft* When 
viewed by the microfcope, we find iome of them or- 
namented with a prodigious number of concentric 
fhitings, too near each other, and too fine tc be eufily 
enumerated* Thefe [lutings are frequently traversed 
by other* diverging from the centre of the fcale, and 
generally proceeding from thence in a ftraight line to 
the circumference* 

For a more full information concerning thefe and 
other microfcopkal objects, the reader may confute 
Mr Adams’s on the Mkrofcope^ who has made the 

mo ft valuable collection that has yet appeared on the 
fubjedt, See alfo the articles Animalcule, Crysta l- 
LizATiOK, Polype, Plan rs, and Wood, in the pre- 
fen t Work. 

MIDAS (fab. hift,), a famous king of Phrygia, 
"* r ho having received Bacchus with gre^t magnificence, 
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that god, out of gratitude, offered to grant him what- 
ever he fhould afk. Midas detired that every thing he 
touched fhould be changed into gold, Bacchus con.' 
fented; and Midas, with extreme pleafute, everywhere 
found the effects of his touch. But he had Coon rea* 
£bn to repent of his folly : for wanting to eat and 
drink, the aliments no fboner entered his mouth than 
they were changed into gold. This obliged him tm 
have recoil rfe to Bacchus again, to befeech him to rc- 
ftorehfm to his former Rate ; on which the god ordered 
him to bathe in the river Padtolm, which from thence 
forward had golden fands. Some time after, being 
chofcn judge between Pan and Apollo, he gave an- 
other intlance of his folly and bad Uite, in preferring 
Pan’s rmifzc to Apollo’s ; on which the latter being 
enraged, gave him a pair of a ties ears. This Midas 
attempted to conceal from the knowledge of his fub- 
jetts : but one of hts femnts faw the length of his 
ears, and being unable to keep the fecret, yet afraid to 
reveal it from apprehention of the king’s refen tment, he 
opened a hole in the earth, and after he had whifpered 
there that Midas had the ears of an afs, he covered the 
place as before, as if he had buried bis words in the 
ground. On that place, as the poets mention, grew a 
number of veeda, which when agitated by the wind 
uttered the fame found that had been b dried beneath, 
and pubhftied to the world that Midas had the ears of 
an afs. Some explain the fable of the ears of Midas, 
by the fuppofition that he kept a number of informers 
and fpies, who were continually employed in gather- 
ing every [editions word that might drop from the 
mouths of his fubjefts* Midas, according to Strabo* 
died of drinking bull’s hot blood. This he did, as 
Plutarch mentions, free himfelf from the numerous 
ill dreams which continually tormented him. Midas> 
according to fome, was fou of Cybele# He built a 
town which he called Ancyr** 

Midas, Ear-jhelU the fmooth ovato-oblong b uc cl- 
num, with an oblong and very narrow mouth* It con- 
lifts of fix volutions, but the lower one alone make 3 up 
almoft the whole ftiell. 

MID- heaven, the point of the ecliptic that culmi* 
nates, or in which it cuts the meridian, 

MIDDLEBURG, one of the Friendly Iflands 111 
the South Sea. This ifianri was firft difeovered by 
Tafman, a Dutch navigator, in January 1742-3 ; and 
is called by the natives Ea*Qifrwhc: it is about 16 
miles from north to foutb, and m the wide ft part about 
8 miles from eaftto weft. The Ikirts are chiefly laid 
out in plantations, the fo nth-wdl and north-weft tides 
efpecially* The interior parts are but little cultiva- 
ted, though very capable of it : but this negle£t adds 
greatly to the beauty df the. bland ; for here are agree- 
ably difperfed groves of cocoa-nuts and other trees, 
lawns covered with thick gratis, here and there planta- 
tions and paths leading to every part of the ifkrnd, in 
fuch beautiful diforder, as greatly to enliven the pro- 
fpect* The hills are low ; the air is delightful ; but 
unfortunately water is denied to this charming fpot. 
Yams, with other roots, bananas, and bread-fruit, are 
the principle articles of food ; but the latter appeared 
to be fcarcc* Here is the pepper-tree, or ava+eroa, 
with which they make ail intoxicating liquor, in the 
fame difguiting manner as is pratlifed in the Society 
Iflands. Here are feveial odoriferous trees and fhtubs, 
z ‘ par- 
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